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Abstract 
 
Neonatal mortality rate (NMR) is an increasingly important public health issue in many developing 
countries. With an estimated 154 preterm births per 1,000 live births in 2010, Indonesia was ranked 
5th highest for preterm births in the world. Estimated birth weight is a significant indicator of the 
optimal growth, survival and future well-being of newborns. Low birth weight (LBW) is well 
documented as one of the factors that contributes most to neonatal mortality and it can be caused 
by preterm birth.  
 
Access to routine data on estimated foetal weight (EFW) at a given gestation age (GA) is required 
to develop a foetal growth chart. Lack of access to such data is one of the reasons for the absence 
of a standard foetal growth chart in Indonesian antenatal care (ANC) practices. Consistent 
monitoring of  EFW using a foetal growth chart allows early detection of growth abnormalities and 
can initiate interventions to ensure safe delivery. Low performance of ANC services in measuring 
and documenting the key performance indicators (KPIs) for maternal and foetal risk assessment is 
one of the major barriers to reducing NMR in Indonesia. 
 
This research has developed statistical quality assurance systems to assess the efficacy of the 
current performance of ANC services in reducing NMR, particularly among Indonesian rural 
primary health care centres. This includes identification of the most significant KPIs during 
pregnancy. To optimise the practical applicability of the research outcomes, a data measuring and 
recording model that provides a more reliable medical database for the national health system was 
developed. This was followed by initiating scientific and technical training among urban and rural 
midwives to improve the quality of routine ANC data collection tasks for maternal and foetal risk 
assessment and development of a foetal growth chart.  
 
The training has equipped nineteen urban and rural midwives in South Kalimantan province with 
the scientific knowledge and technical abilities to carry out routine collection of ANC data. The 
ANC information on 4,946 women (retrospective cohort study) and 381 women (prospective 
cohort study) has been used to assess the impact of the scientific and technical training, particularly 
its impact on the ability of midwives in settings with limited resources to collect and record the 
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KPIs for maternal and foetal risk assessment and the data for developing the proposed foetal growth 
chart. 
 
The results show that the training has significantly improved the average amount of recorded data 
for maternal and foetal risk assessment (from 17.5 to 62.1%, p-value < 0.0005) and for developing 
the foetal growth chart (from 33.4 to 89.1%, p-value < 0.0005). Midwives’ views regarding factors 
which affect their ability to successfully complete the data documentation tasks have also been 
explored. Lack of awareness, high workload and insufficient skills and facilities are the main 
reasons for gaps in the data.  
 
This research has developed reliable regression models that can easily be implemented in rural 
primary health care centres to accurately predict EFW at a given GA in the absence of ultrasound 
facilities. Multiple comparison criteria showed that the proposed models are more accurate than 
the existing clinical and ultrasound models in predicting foetal weight between 35 and 41 weeks 
of GA, and much more accurate at earlier GAs. The results also indicate that foetal weight can be 
best predicted by the measurement of maternal fundal height (FH). The model based on FH can be 
utilised in rural areas where advanced health equipment such as ultrasound is not always accessible. 
  
Prior to the development of a new foetal growth chart, the research reviewed the existing growth 
charts for EFW. The potential challenges in utilising such surveillance tools in Indonesia were also 
investigated. The results showed that the customised and standard foetal growth charts for EFW 
used internationally had been developed and highly recommended for use without local data being 
available. Moreover, limited access to ultrasound measurement of foetal biometric characteristics 
hindered foetal weight estimation using the existing models. Low levels of recording of the 
minimum database requirements on individual maternal, foetal and neonatal characteristics also 
made the existing customised charts less applicable in the local setting.    
 
For the first time an alternative foetal growth chart for EFW, which only requires information on 
FH, has been developed to monitor and identify unusual growth of a foetus. The efficacy of the 
proposed chart has been assessed by using it to look for abnormal patterns of foetal growth in the 
data recorded for normal and LBW newborns. The results highlighted the effectiveness of the 
developed growth chart for risk assessment during pregnancy to prevent the occurrence of LBW 
delivery. Using prospective data, it was shown that the proposed chart can effectively detect signs 
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of abnormality between 20 and 41 weeks of GA. It was also shown that the existing foetal growth 
chart does not fit Indonesian data in the absence of ultrasound information.  
 
This research has also evaluated the prediction accuracy of the ultrasound-based prediction models 
used in the development of the existing foetal growth charts for EFW and compared them with the 
proposed clinical-based prediction model using the Indonesian data. The results showed that the 
proposed model has comparable ability, and is even more effective at earlier GAs in predicting 
foetal weight than the existing models. This justifies the utilisation of the proposed prediction 
model in the development of the new foetal growth chart.  
 
The outcome of this research provides a useful administrative and scientific guideline for the 
expansion of health services programs and for the more effective distribution of limited 
government resources in rural area. It includes analysis of where further aid investments are likely 
to best impact on reducing the NMR. The outcome also aids midwives in identifying the key risk 
factors and types of clinical interventions required prior to delivery to reduce the mortality rate. 
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Chapter 1 Introduction 
 
This chapter outlines the research motivation, objectives, rationale, questions, significance and 
its original contribution to knowledge. It shows the organisation of the thesis and gives a list of 
publications that have been produced at various milestones during the research. 
 
1.1 Research motivation 
1.1.1 Neonatal mortality rate in Indonesia 
Neonatal mortality is defined as the prevalence of child deaths between 0 and 28 days after 
birth. It is divided into 2 further categories: early neonatal deaths (deaths between 0 and 7 days 
of life) and late neonatal deaths (deaths after 7 days but before 28 days of life) (Hug, Sharrow 
& You 2017; Pathirana et al. 2016; WHO 2006a). This research was motivated by the fact that 
the neonatal mortality rate (NMR) in Indonesia still faces challenges to meet the targets set by 
the national government (MoH 2017), the World Health Organization (WHO), the 2015 
Millennium Development Goals (MDGs) and the 2030 Sustainable Development Goals (SDGs) 
(WHO 2018).  
 
Indonesia experienced a significant reduction in the NMR between 1991 and 2003, from 
32/1,000 to 20/1,000 live births (MoH 2017). However, the pace of decrease has slowed 
between 2003 and 2016, from 20/1,000 to 14/1,000 live births (Hug, Sharrow & You 2017; 
MoH 2017). In addition the NMR contributes a high proportion of child mortality rate (60%) 
and the under-five mortality rate (48%) (Achadi & Jones 2014). Consequently it is one of the 
most significant health challenges to be addressed by health development programs looking to 
reduce child mortality. 
 
Maternal, neonatal and child health programs have been initiated and implemented to reduce 
the mortality rate in Indonesia, focusing particularly on prematurity and low birth weight 
(LBW) as the major causes (MoH 2010b, 2011b, 2014). Preterm birth, stillbirth and LBW are 
the major causes of neonatal mortality worldwide (Achadi & Jones 2014; Blencowe et al. 2013; 
Lawn et al. 2016). With an estimated 154 preterm births per 1,000 live births in 2010, Indonesia 
was ranked the 5th highest for preterm births in the world (Blencowe et al. 2012; Lee et al. 2013; 
Sungkar et al. 2017). The occurrence of prematurity, which could be one of the causes of LBW, 
has increased by 3% between 1990 and 2013 and was the leading cause of death among 
neonates and children under five in 2016 (Achadi & Jones 2014; Blencowe et al. 2013; WHO 
2015, 2018). 
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According to the 2007 Indonesian Demography and Health Survey, 78.5% of neonatal deaths 
occur between 0 to 6 days old (MoH 2011a). The prevalence of neonatal deaths is globally 
higher among low income populations and in areas with limited resources (Achadi & Jones 
2014), with more than 95% of these deaths occurring in developing countries (Hogan et al. 
2010; Metgud, Naik & Mallapur 2012; Titaley et al. 2008). It is reported that in 2016, 15,000 
children died every day before reaching 5 years old (WHO 2018). According to the United 
Nations Inter-Agency Group report, the highest risk of newborns dying was in their first month 
of life - 2.6 million dying (46% of deaths under 5) in 2016 - and the majority of these deaths 
occurred in the first week of life (Hug, Sharrow & You 2017). 
 
As can be seen from Figure 1, the average trend of the NMR in Indonesia (19/1,000 live births), 
between 2008 and 2012, remained higher than the 2014 national target (15/1,000 live births) 
(MoH 2013b). Although there was a significant reduction of NMR, from 32/1,000 live births 
in 1991 to 19/1,000 live births in 2012, the trend was stagnant from 2007 to 2012 (MoH 2017). 
Based on these statistics, the NMR has met the reduction target set by the MDGs in 2015 
(23/1,000 live births) yet it has to be further reduced to reach the SDGs target for 2030 (12/1,000 
live births). Also, according to the Indonesian Ministry of Health (2013), 28 out of 33 provinces 
in Indonesia (approximately 85%) failed to meet the reduction target set by the national 
government for 2012 (Achadi & Jones 2014; MoH 2013b).  
 
 
Figure 1 Neonatal mortality rates in Indonesia 
[Sources: (Achadi & Jones 2014); WHO (2018)] 
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In Indonesia, the highest NMR was found in the five provinces highlighted in Figure 1: North 
Maluku (37 per 1,000 live births), West Papua (35 per 1,000 live births), Nusa Tenggara Barat 
(33 per 1,000 live births), South Kalimantan (30 per 1,000 live births) and Aceh (28 per 1,000 
live births) (Achadi & Jones 2014; MoH 2012b, 2013b). Therefore reducing neonatal mortality 
remains a great challenge and a fit subject for profound scrutiny. 
 
In this research, South Kalimantan province was selected for reasons of bureaucracy and 
accessibility. Nevertheless, there is potential to transfer the knowledge gained into other 
provinces in Indonesia and into the future research in other developing countries which are 
facing the same public health challenges.  
 
1.1.2 Preventable factors of neonatal mortality 
The prevalence of neonatal mortality is influenced by several preventable factors. This research 
only investigated three significant factors: performance of ANC services, birth weight and 
prediction of foetal weight. 
Performance of ANC services 
 
ANC services carry out routine surveillance during pregnancy to monitor and assess the well-
being of mother and foetus. This service is an integral part of the safe motherhood pillars 
recommended by WHO (1994). Its function is not only to provide ‘effective and appropriate 
screening’, but also to initiate ‘preventive and treatment interventions’ (Zanconato et al. 2006).  
 
This care may be made available from primary through to the tertiary health care level. In most 
developing countries, particularly in Indonesia, public health centres (PHCs) are funded by the 
government. Hence they are the best known source of ANC for pregnant women, particularly 
for those who are living in remote areas and/or from low income families. This initiative aims 
to improve pregnancy outcomes in order to reduce both maternal and neonatal mortality rates. 
 
NMR is highly associated with whether a mother receives ANC during her pregnancy. It is 
reported that the mortality rate among women who received this care was one fifth of those 
who did not (UNICEF-Indonesia 2012). The prevalence of LBW can be detected during the 
ANC process. This can be achieved by proper clinical diagnosis that allows immediate care 
interventions both in developing and developed countries to reduce the mortality risk (Goto 
2015b; Ravelli et al. 2014). The early diagnosis and treatment are vital and can be facilitated 
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by a reliable delivery weight prediction model (Verstraete et al. 2015). Having a prediction 
model to predict the delivery weight accurately can be extremely beneficial for medical 
practitioners in preventing the risks of having adverse delivery outcomes (Ravelli et al. 2014). 
It is also an effective tool to assist them in their evidence-based decision strategy on what 
clinical interventions are appropriate and when they should be implemented. 
 
Despite the fact that ANC plays an important role in monitoring pregnancy, its service quality 
remains poor, which consequently becomes one of the major barriers to reducing mortality 
rates. “The utilisation of ANC is regularly monitored in most settings and has improved 
considerably in developing countries since the 1990s but there is little evidence on the content 
and quality of ANC in these settings” (Kaur & Kaur 2013, p. 122). In Indonesia it was estimated 
that only 20% of pregnant women received the complete set of ANC interventions (MoH 
2010c). Therefore improving the quality of the ANC service and its content has become a major 
priority in developing countries, and this includes Indonesia.  
 
Utilisation of ANC is highly recommended as a preventive action to improve pregnancy 
outcomes. Access to ANC services has been identified as one of the most effective interventions 
to prevent or manage complications and adverse birth outcomes (Huang et al. 2018; Sibiya, 
Cele & Ngxongo 2015; Tunçalp et al. 2017; WHO 2018). ANC services provided across 
Indonesian health care centres are expected to comply with a quality integrated ANC standard 
to improve maternal and child health services, including recording and reporting the results of 
ANC examinations (MoH 2013c, 2014). This investment in collecting data could provide 
sufficient information to be analysed and evidence to be used for making decisions and 
monitoring policy progress towards ending preventable maternal and neonatal mortality 
(Blencowe et al. 2013; Lawn et al. 2016; WHO 2008). However, the quality of ANC data 
documentation is poor, both in hospitals (20% of expected data available) and PHCs (42.5%), 
particularly when documenting the results of ANC examinations (Achadi & Jones 2014).  
 
Unrecorded or unavailable local data on maternal, foetal and neonatal care have been 
acknowledged as a major cause in hampering evidence-based interventions to track, review and 
assess the causes and preventable factors associated with maternal and neonatal mortality 
(Kerber et al. 2015; Moxon et al. 2015). For instance, access to routine data collection of 
estimated foetal weight (EFW) at each gestational age (GA) is vital to create evidence-based 
track records, such as foetal growth charts. These charts would assist midwives, as the key 
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practitioners in the Indonesian ANC model (Abdullah et al. 2015; MoH 2013a), to assess 
antenatal risk, detect the signs of potential abnormal foetus growth, estimate the birth weight 
during pregnancy and provide appropriate interventions in a timely manner. However, such 
charts are currently not available to the ANC practitioners in most Indonesian primary health 
care settings and are not provided in the current maternal and child health (MCH) booklet (MoH 
2016a). A previous study stated that data collection of GA-related measurements among 
Indonesian women is challenging and this too hinders the development of a foetal growth chart 
(Alisyahbana et al. 1994).  
 
Birth weight 
Birth weight is a primary measurement and a significant indicator towards ensuring the optimal 
growth, survival and future well-being of newborns. It is also closely associated with foetal 
growth (Kiserud et al. 2017). Deviation from normal delivery weights (2,500 – 3,999 g), such 
as LBW (< 2,500 g) and macrosomia (> 4,000 g), can lead to some negative consequences on 
neonatal health and increases the burden of care costs when consequential life threatening 
situations occur (Blencowe et al. 2013; Gibson et al. 2015; Lalys, Pineau & Guihard-Costa 
2010; Njim et al. 2015; Parvin et al. 2013). While macrosomia may cause neonatal and maternal 
morbidity, LBW is well documented to be one of the factors that contributes most to neonatal 
mortality (Lalys, Pineau & Guihard-Costa 2010; Njim et al. 2015). This is particularly true in 
most developing countries. 
 
LBW is defined as a weight of less than 2,500 grams at birth regardless of GA and can be caused 
by preterm birth or intrauterine growth restriction (Sharma et al. 2015). More than 80% of those 
with LBW are either premature (birth before 37 weeks of GA) or small for GA (below the 10th 
percentile of birth weight). LBW is well documented as the leading factor for neonatal mortality 
and morbidity in the world, particularly in low and middle income countries (Lawn et al. 2014). 
Consequently this research focuses only on LBW, and includes both preterm and fullterm 
newborns. 
 
The prevalence of LBW is a factor in approximately 60-80% of neonatal deaths worldwide and 
creates high risk of health problems in later life (Achadi & Jones 2014; Kang et al. 2013; Lawn 
et al. 2005). These abnormalities may cause serious problems and illnesses that prevent 
newborns from growing optimally (Titisari & Siswosudarmo 2013). As a result one of the 
priorities of the “a world fit for children” platforms proposed by the United Nations is a 
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reduction at least one third in the proportion of LBW babies (Blanc & Wardlaw 2005). In 
Indonesia, the prevalence of LBW amongst newborns is approximately 9-11% and the trend to 
reduce this is not promising (MoH 2010c). However, there are some reasons for optimism about 
minimising the leading risks of infant deaths. In fact, there is a more than 75% chance of 
preventing these deaths by using reliable, effective and accessible evidence-based interventions 
(Titaley et al. 2008; WHO 2005). This shows how vital evidence-based risk assessment of 
maternal and foetal complications during pregnancy is to prevent potential adverse pregnancy 
outcomes.  
 
Prediction of foetal weight 
Since foetal weight cannot be directly measured, its reliable prediction at different stages of 
pregnancy has become increasingly important in routine ANC. The EFW is one of the 
significant clinical predictors in foetal growth assessment and is vital to ensure informed 
intervention for safe delivery (Kiserud et al. 2017). Early birth weight estimation during 
pregnancy assists medical practitioners to make an informed decision on whether intervention 
is required prior to delivery. 
 
Foetal weight can be predicted through serial clinical and ultrasound measurement of maternal 
and foetal characteristics. Routine measurement of maternal fundal height (FH) is the most 
recommended clinical measurement for low-risk pregnancies to screen the intrauterine 
development of the foetus (Papageorghiou et al. 2014; Papageorghiou et al. 2016; Petzold et al. 
2004). On the other hand, serial ultrasound scans of foetal biometric characteristics are the most 
recommended ultrasound measurement for high-risk pregnancies, as a complement to the 
routine measurement of FH, to monitor the growth of the foetus (Papageorghiou et al. 2014; 
Papageorghiou et al. 2016).  
 
In most Indonesian ANC practices, the clinical measurement of FH and foetal head 
engagement/station (FS) rather than the measurement of foetal characteristics by ultrasound is 
well recognised nationally and has been deployed as the standard clinical model for estimating 
foetal weight (Johnson & Toshach 1954; Johnson 1957). This is due to lack of access to 
advanced health equipment, such as ultrasound machines, and skilled personnel 
(Papageorghiou et al. 2016). In addition, the ultrasound method requires intensive resources 
(WHO 2016). Even if it is available, the cost of having ultrasound scans can be financially 
unaffordable. As a result, access to the foetal biometric data that are required to estimate foetal 
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weight using ultrasound-based formulas is not always available during pregnancy (Anggraini 
et al. 2018, 2019).  
 
The effectiveness of the implementation of the Johnson-Toshach model for estimating foetal 
weight remains debatable. The knowledge of FS may raise a subjectivity issue unless there are 
standard protocols to determine it with less error. Yet the inclusion of this measurement in the 
model may not reduce error in foetal weight estimation (Anggraini, Abdollahian & Marion 
2018; Bothner, Gulmezoglu & Hofmeyr 2000). Therefore, one should question its clinical 
usefulness. 
 
In most developed countries, the use of diagnostic ultrasound, the utilisation of high frequency 
sound waves to create a grey scale image for interpretation, is common to monitor foetal growth 
characteristics. Unfortunately, this is not the case in most developing countries where the 
provision of health resources and training for ultrasound is limited. Therefore, the abdominal 
palpation method and FH measurement remain the most applicable clinical alternatives to 
assess foetal intrauterine growth (Buchmann & Tlale 2009; Gayatri & Afiyanti 2006; Mongelli 
& Gardosi 2004; Parvin et al. 2013; Titisari & Siswosudarmo 2013). However, FH 
measurement is more objective than abdominal palpation (Banerjee, Mittal & Kumar 2004). 
 
There is an increasing interest in the accuracy of foetal weight prediction models. It is essential 
to record the foetal weight on a continuing basis. A considerable amount of literature has been 
published on the comparison between predicted delivery weights based on clinical and 
ultrasound measurements (Anggraini, Abdollahian & Marion 2018; Banerjee, Mittal & Kumar 
2004; Khani et al. 2011). Most of these studies conclude that the clinical method was as accurate 
as the ultrasound method in estimating foetal weight, particularly for normal newborns but not 
for LBW and macrosomia neonates. Therefore, clinical approaches can potentially be used as 
alternatives to ultrasound for estimating foetal weight in developing countries or in settings 
with limited resources. 
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1.2 Research objectives 
This research aims to develop statistical assessment tools to investigate the efficacy of the 
current ANC service performance in reducing NMR, particularly in Indonesian rural primary 
health care centres.  
 
The research was aimed at developing quality assurance systems to identify the most significant 
quality indicators during pregnancy that could be derived from accessible and affordable 
resources. To optimise the practical applicability of the research outcomes, a data measuring 
and recording model is proposed that provides a reliable medical database for the national health 
system in Indonesia. This is to be followed by initiating scientific and technical training among 
urban and rural midwives to improve the routine collection of ANC data in settings with limited 
resources to be used for maternal and foetal risk assessment and for the development of a foetal 
growth chart.  
 
A more reliable and effective model to predict foetal weight at a given GA is proposed based 
on easily accessible information using affordable health resources. Then follows validation and 
comparison of the newly developed model with the existing clinical and ultrasound models. To 
monitor abnormal patterns of foetal growth during pregnancy, a suitable foetal growth chart for 
EFW is proposed based on the most significant characteristics and the most effective prediction 
model derived from Indonesian data. The capability of the developed chart to detect abnormal 
patterns of foetal growth during pregnancy among normal and LBW cases is also analysed. 
These holistic procedures will assist midwives to make evidence-based decisions on the types 
and timings of interventions required for safe delivery.  
 
The outcome of this research is to provide useful administrative and scientific guidelines for 
the expansion of the health services programs and for the effective distribution of limited 
government resources in rural areas. This includes analysis of where further aid investments 
are likely to best impact on reducing the NMR. The research would also aid midwives in 
identifying the key risk factors and the types of clinical interventions required prior to delivery 
in order to reduce the mortality rate. 
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1.3 Rationale 
It is important to carry out research on monitoring and improving the quality of ANC in primary health 
care centres for several reasons. In most developing countries, primary care is the most commonly 
recommended and most affordable service available, especially for the lower socioeconomic 
sectors of society. It has been developed to promote maternal and child health services. 
Moreover ANC is a core process contributing to the improvement of maternal and neonatal 
health. It covers routine pregnancy monitoring to detect and anticipate any pregnancy-related 
problems so as to reduce the NMR. However, there is less evidence on the content and quality 
of ANC, especially in developing countries such as Indonesia. Indeed it is reported that the 
quality of care received by pregnant women during antenatal visits is inadequate (Achadi & 
Jones 2014).  
 
Identifying those characteristics of mother, foetus and neonate that significantly contribute to 
the pregnancy outcome is vital. Proper and routine measurement of these characteristics during ANC, 
from the first trimester to the time of delivery, is important to improve the quality of pregnancy-related 
assessment. This early assessment is essential in order to minimise the delays in making 
evidence-based decisions on what interventions should be initiated and when. This evaluation 
will be optimal if data recording and reporting systems are well documented and adequate 
statistical analysis is used. This is a worldwide problem for developing countries such as 
Indonesia where the systems to directly collect statistical information on mortality indicators 
are not available (Anggraini et al. 2018, 2019; Wahyuniati & Andalas 2009). 
 
According to the United Nations International Children’s Emergency Fund (UNICEF), 
“administrative data is poor in many [rural or poor] districts, making it impossible for the 
district health team to effectively plan and target interventions, especially with regard to 
processes, reporting and standards” (UNICEF-Indonesia 2012). There are three key actions to 
be initiated to improve the provision of health care: 
1. The development and enforcement of standards and guidelines on the quality of maternal 
and child health services. This includes rigorous monitoring to ensure the implementation 
of the standards is equal both in public and private sectors. 
2. A reliable data recording system which enables the district medical practitioners and the 
local government to develop an effective action plan that outlines the most influential 
interventions required.  
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3. Decentralisation makes it possible for the local government to make informed decisions on 
budget allocation for health facilities and equipment and training programs to meet local 
needs.  
With the 4th highest NMR in Indonesia (Achadi & Jones 2014; MoH 2012b, 2013b), South 
Kalimantan province is in urgent need of these three actions. These actions will enhance the 
accuracy of health information systems as an integral part of health development programs to 
promote evidence-based decision making, particularly in addressing the leading factors of 
neonatal mortality. 
 
1.4 Research questions 
This research has divided the problems into the following two groups of tasks: 
 
1. Administrative tasks 
1. Can a simple and effective standard data recording and reporting system be proposed 
that could provide more reliable and timely maternal and foetal information at three 
different stages of pregnancy and delivery?  
2. Can medical practitioners be assisted in determining the key characteristics of mother 
and foetus to be monitored during ANC in order to reliably predict a delivery weight?  
 
2. Scientific tasks 
3. What are the current models most widely used in Indonesia and elsewhere for estimating 
birth weight based on maternal and foetal characteristics during the three stages of 
pregnancy?  
4. Can simple and more accurate models be developed to estimate foetal weight that can 
be easily implemented in rural Indonesian primary health care centres?   
5. What are the current control chart models most widely used in Indonesia and elsewhere 
for monitoring the intrauterine growth of a foetus during pregnancy?   
6. Can a simple but more effective and easily applicable quality control procedure be 
proposed to monitor and identify unusual intrauterine growth of a foetus as soon as 
possible?  
7. Would this proposed quality control and assurance system be capable of detecting 
abnormal patterns of foetal growth during pregnancy to further reduce the mortality rate 
in Indonesia? 
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1.5 Significance 
This research has been developed to model foetal weight based on both retrospective and 
prospective data collected from selected primary health care centres in South Kalimantan, 
Indonesia. The model will then be used to monitor and improve antenatal detection of 
abnormalities in foetal growth so that appropriate interventions/referrals can be initiated in 
timely fashion to reduce the NMR in Indonesia. The developed model will also be used to assess 
the capability of current ANC processes to meet the requirements of the Indonesian national 
standard while also satisfying international standards. One major aim of this research is to 
establish a reliable medical database for the national ANC system in Indonesia. A desired 
outcome of the research is to provide useful guidelines for health development programs to 
effectively distribute their limited resources in rural areas. 
 
1.6 Original contribution to knowledge 
The original contribution of this research to current knowledge is in the development of a new 
simple yet effective system for monitoring and improving the performance of ANC across 
urban and rural primary health care centres in South Kalimantan, Indonesia. This contribution 
includes: 
1. The development of an effective and simple standard electronic data recording and 
reporting system that provides more reliable and timely maternal and foetal information 
during three different stages of pregnancy and delivery than the current manual system.  
2. The initiation of scientific and technical training among urban and rural midwives to 
improve routine collection of ANC data in settings with limited resources for maternal and 
foetal risk assessment and the development of a foetal growth chart. 
3. The development of a more reliable and effective model to predict foetal weight at a given 
GA using easily accessible information and affordable health resources, after having 
validated and compared this model against the existing clinical and ultrasound models. 
4. The development of a foetal growth chart for EFW based on the most significant 
characteristics and the most effective prediction model to monitor abnormal patterns of 
foetal growth during pregnancy.  
5. Analysis of the capability of the developed foetal growth chart to detect abnormal patterns 
of foetal growth during pregnancy among normal and LBW cases.  
These holistic procedures would assist the medical practitioners to make evidence-based 
decisions on the type and timing of interventions required for safe delivery.  
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1.7 Thesis outline 
The subsequent chapters have been organised as follows. Chapter 2 covers the research location 
(setting), ethics approval and conceptual framework. Separate literature reviews, research 
methods, results and discussions are presented in each of main chapters, i.e. Chapters 3, 4 and 
5, as different approaches were taken for each research question to achieve the investigation 
results. 
 
Chapter 3 addresses research questions 1 and 2, the administrative tasks. This covers the 
development of an electronic pregnancy register to improve the current manual ANC data 
recording and reporting system. Steps taken to conduct statistical and technical training for 
urban and rural midwives are also explained in this chapter. The impact of this scientific and 
technical training on midwives’ ability to determine the key characteristics of mother and 
foetus, and to collect and record the results of routine ANC examinations for use in maternal 
and foetal risk assessment and in development of the foetal growth chart is assessed. The 
chapter also discusses midwives’ views with regards to factors affecting their ability to 
complete the data documentation tasks. 
 
The review of existing prediction models to estimate foetal weight during pregnancy is given 
in Chapter 4. In this chapter, the development of new prediction models that can be simply 
implemented in rural areas or other settings with limited resources to estimate foetal weight is 
also discussed. This is followed by validation of the developed models using prospective 
(longitudinal) data. This chapter addresses research questions 3 and 4 from the scientific tasks.  
 
Research questions 5, 6 and 7 are addressed in Chapter 5. This includes a review of the current 
control charts widely used for monitoring the intrauterine growth of a foetus during pregnancy 
and the challenges when they are implemented in settings with low resources. This is followed 
by discussion on the development of a new foetal growth chart for EFW that can be simply 
implemented in rural or other settings with limited resources to monitor and identify unusual 
intrauterine growth of a foetus as soon as possible. Finally, there is an analysis of the capability 
of the developed foetal growth chart to detect abnormal patterns of foetal growth among normal 
and LBW newborns with a view to further reducing the NMR in Indonesia.  
 
The thesis is concluded in Chapter 6, which also includes recommendations for further research 
in this area. 
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1.8 Publications 
These publications, listed below and with abstracts provided in Appendix 1, were based on 
research carried out during the course of this degree:  
 
1.8.1 Refereed international journal papers 
 
1. Anggraini, D, Abdollahian, M, Marion, K, Nuryani, S, Ramadhan, F, Rahayu, RP, 
Rachman, IR & Wurianto, W 2019, ‘The impact of scientific and technical training on 
improving database adequacy for foetal growth chart development in limited-resource 
settings: a case study in the province of South Kalimantan, Indonesia’, Journal of 
Pregnancy, 2019. 
 
URL:  
https://www.hindawi.com/journals/jp/2019/8540637/. 
 
2. Anggraini, D, Abdollahian, M and Marion, K 2018, ‘Foetal weight prediction models at 
a given gestational age in the absence of ultrasound facilities: application in 
Indonesia’, BMC Pregnancy and Childbirth, 18(1), p.436.  
 
URL: 
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-018-2047-
z. 
 
3. Anggraini, D, Abdollahian, M, Marion, K, Nuryani, S, Ramadhan, F, Rahayu, RP, 
Rachman, IR & Wurianto, W 2018, ‘The impact of scientific and technical training on 
improving routine collection of antenatal care data for maternal and foetal risk 
assessment: a case study in the province of South Kalimantan, Indonesia’, Journal of 
Pregnancy, 2018. 
 
URL:  
https://www.hindawi.com/journals/jp/2018/9240157/. 
 
4. Anggraini, D, Abdollahian, M and Marion, K 2015, ‘Review of low birth weight 
prediction models in Indonesia’, International Journal of Advances in Science, 
Engineering and Technology, vol. 3, no. 4, pp. 105-111. 
 
URL: 
http://iraj.in/journal/IJASEAT/paper_detail.php?paper_id=3049&name=Review_Of_L
ow_Birth_Weight_Prediction_Models_In_Indonesia. 
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1.8.2 Refereed international conference papers 
 
5. Anggraini, D, Abdollahian, M and Marion, K 2016, ‘Accuracy assessment on prediction 
models for foetal weight based on maternal fundal height: applications in Indonesia’, in 
Shahram Latif (ed.) Proceedings of the 13th International Conference on Information 
Technology: New Generations (ITNG 2016), Las Vegas, United States, 11-13 April 2016, 
pp. 859-868. 
 
URL: 
https://link.springer.com/chapter/10.1007/978-3-319-32467-8_74; 
https://link.springer.com/content/pdf/10.1007/978-3-319-32467-8_74.pdf. 
 
1.8.3 Refereed conference abstracts 
 
6. Anggraini, D, Abdollahian, M and Marion, K 2018, ‘Challenges of statistical research in 
Indonesia to reduce the maternal and neonatal mortality’. Joint International Society for 
Clinical Biostatistics (ISCB) and Australian Statistical Conference (ASC) 2018, 26-30 
August 2018, Melbourne, Australia (presented). 
 
7. Anggraini, D, Abdollahian, M and Marion, K 2017. ‘Scientific and technical training to 
fill the database gaps of routine antenatal care in Indonesia’. Behavioural Business Lab 
Indonesia Workshop, 21 November 2017, RMIT University, Melbourne, Australia 
(presented). 
 
8. Anggraini, D, Abdollahian, M and Marion, K 2015, ‘A systematic review: determination 
of maternal and neonatal characteristics for forecasting low birth weight newborns in 
developing worlds’, The Australasian Society for Ultrasound in Medicine (ASUM), 11 – 
13 September 2015, Sydney, Australia (presented). 
 
 
1.9 Summary 
This chapter has laid the foundation for the thesis. It introduced the research motivation, 
objectives, rationale and questions. The significance of the research and its original contribution 
to knowledge was also described and justified. The organisation of the thesis was outlined and 
a list of publications based on this research program and published during its duration  has been 
provided.  
 
The next chapter, Chapter 2, will describe the study location (its setting), the procedures 
followed for ethics clearance and the conceptual framework for this research. 
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Chapter 2 Research methodology  
 
 
This chapter outlines the location (setting), ethics approval and conceptual framework of this 
research. The methods that were used to address each research question (RQ) will be explained 
in each of the main chapters, i.e. Chapters 3, 4 and 5, that addresses the specific question, as 
the methods vary according to the research questions. 
 
2.1 Study location 
This research was conducted between March 2015 and March 2019 in one province of 
Indonesia, South Kalimantan, which had an estimated population of almost 4 million in 2015 
(MoH 2016b). This province is one of the five provinces with the highest neonatal mortality 
rates (NMR) in Indonesia (Achadi & Jones 2014; MoH 2013b; UNICEF-Indonesia 2012). 
Administratively South Kalimantan is structured as 2 municipalities (urban areas) - 
Banjarmasin and Banjarbaru - and 11 districts (rural areas) - Banjar, Barito Kuala, Tapin, Hulu 
Sungai Selatan, Hulu Sungai Tengah, Hulu Sungai Utara, Balangan, Tabalong, Tanah Laut, 
Tanah Bumbu and Kotabaru. All these urban and rural areas were proportionally represented in 
the study. 
 
In the capital of the province, public and private hospitals are available as tertiary health 
facilities. Each administrative area is served by hospitals as secondary health facilities that 
provide referral services in that area and health centres as primary health facilities. In this study, 
primary health care centres are the main concern because they are located near where people 
live and are the most commonly recommended and most cost-effective first level of health care 
in Indonesia, particularly in rural settings (Achadi & Jones 2014; National Research Council 
2013; Putera, Pakasi & Karyadi 2015). 
 
There are two common types of primary health care centres in South Kalimantan province: 
public health centres (Puskesmas or PHCs) and independent midwifery practices (Praktik Bidan 
Mandiri or IMPs). These facilities are situated in both urban and rural areas to ensure services 
are equally accessible and distributed across the communities. In total, there are 230 PHCs 
(MoH 2016b) and 187 IMPs (unpublished data from the provincial midwifery association in 
2015) across the province.  
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For this study, 14 PHCs and 6 IMPs, proportionally distributed across the administrative areas 
of the province, were selected, using multistage purposive sampling with type of healthcare 
system and administrative location as the stratification factors. The selection criteria for the 
individual strata were based on the population density of the primary health care centre’s 
catchment area, taken in conjunction with recommendations from the provincial midwifery 
association. Being administered by the Ministry of Health of the Republic of Indonesia, the 
participating health centres all followed the standard operational procedures for ANC (MoH 
2010a, 2012a). 
 
In each urban and rural area, one primary health care centre was chosen, except for Banjarbaru 
where two differing PHCs were selected, one which provides a 24 hour service and one with a 
daytime only service. Of the 14 selected PHCs, 11 provided 24 hour service of basic emergency 
obstetric and neonatal care (BEONC) with in-patient facilities, while the 3 remaining PHCs 
were non BEONC. Also, 6 IMPs were selected, 5 in Banjarmasin, the most densely populated 
area (9,200 people per km2), and 1 in Kotabaru, the most sparsely populated area (32 people 
per km2). A total of 14 PHCs (6% of the PHCs in the province) and 6 IMPs (3% of the IMPs) 
was finally approved by the head of the provincial health department and so included in this 
study.  
 
2.2  Ethics approval and consent to participate 
This research was conducted using retrospective (past and current) and prospective 
(longitudinal) data collected from Indonesia. Since the research dealt with human data, two 
main ethics clearances were obtained: 
1. The Medical Research Ethics Committee, Medical Faculty, University of Lambung 
Mangkurat, Banjarmasin, South Kalimantan, Indonesia, on March 10th, 2016, with 
registration number 018/KEPK-FK UNLAM/EC/III/2016. Based on the letter number 
019/KEPK-FK UNLAM/EC/III/2016, the validity period of the ethical clearance is from 
March 10, 2016 until March 2, 2019 or during the time that the research takes place. 
Permission to access deidentified secondary data in the pregnancy register available at 
the selected primary health care centres was also granted under this ethics approval.  
2. The Science, Engineering and Health College Human Ethics Advisory Network, RMIT 
University, Melbourne, Australia, on March 16, 2016, with registration number 
ASEHAPP 19-16/RM No: 19974.  
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Research permissions were also obtained from the Indonesian national, provincial and local 
governments and the provincial health department. Information about the confidential nature of 
the project and a consent form (written in both Bahasa Indonesia and English) for recruitment 
to the study were given to the selected midwives, who all agreed to participate. These forms 
were also provided for the pregnant women who participated in the prospective study through 
the representative midwives. These clearance documents are attached in Appendix 2.  
 
2.3 Research framework 
This research was carried out based on an administrative (Figure 2) and a scientific (Figure 3) 
framework. 
 
2.3.1 Administrative tasks 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Flowchart of administrative tasks 
  
Clinical measurement Ultrasound screening Develop electronic pregnancy register (RQ.1) 
To improve the process of data collection and weight prediction 
1. Using only clinical measurement  
2. Using only ultrasound measurement  
3. Using both clinical and ultrasound measurements  
4. Compare the efficacy of models under 1, 2 and 3 
5. Identify the most significant key characteristics for foetal weight prediction to be monitored and measured 
in primary health care centres, particularly in rural areas with and without access to ultrasound (RQ.2).  
6. Provide the recommendation for policy making and allocation of healthcare resources. 
Data management system 
Implement in PHCs and IMPs where 
ultrasound not always available 
Implement in a targeted IMP where ultrasound 
is accessible 
Collect data on clinical measurements only 
 
Collect data on both clinical and ultrasound 
measurements 
Develop combined foetal weight prediction models based on 
collected maternal and foetal characteristics 
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2.3.2 Scientific tasks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                               comparison 
 
 
 
 
 
 
 
 
 
Figure 3 Flowchart of scientific tasks 
Detailed explanation of these administrative and scientific tasks will be given in Chapters 3, 4 
and 5 where the related research questions are addressed.  
Reduction of neonatal 
mortality rate (NMR) 
Low birth weight (LBW):  
The leading cause of neonatal 
mortality and morbidity in 
most developing countries 
High birth weight 
(macrosomia): leads to some 
negative consequences on 
neonatal health, mode of 
delivery and trauma 
Estimated birth weight:  
An important indicator for safe 
pregnancy outcome 
Foetal weight 
Develop weight prediction models during antenatal care (ANC): at a given 
gestation age (GA) to allow enough time to take proper intervention 
Models based on maternal 
characteristics 
Models based on  
foetal characteristics 
Clinical measurement: 
Abdominal palpation and 
fundal height (FH) 
Identify key characteristics (RQ.1) 
Provide clinical prediction 
models 
Provide ultrasound prediction 
models 
Clinical measurement: 
Using estimation from GA 
Develop combined foetal weight prediction 
models based on maternal and foetal 
characteristics based on both clinical and 
ultrasound measurements (RQ.3 & RQ.4) 
Validate models and select the most significant characteristics using multi assessment 
criteria, such as correlation coefficients and prediction accuracy measures (RQ.3 & RQ.4) 
 
Evaluate the newly developed chart for ability to detect abnormal patterns of foetal growth 
among normal and LBW newborns (RQ7) 
Ultrasound screening: 
Ultrasound biometry and 
Ultrasound Doppler 
 
Develop prediction models based 
on these clinical estimations 
Develop a profile monitoring control chart or foetal growth chart and 
monitor the significant characteristics at different GA (RQ.5 & RQ.6) 
Develop combined foetal weight prediction 
models based on maternal and foetal 
characteristics based only on clinical 
measurements (RQ.3 & RQ.4) 
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2.4 Summary 
This chapter outlined the setting, ethics approval and conceptual framework of this research. It 
explained the location where the research was conducted. The bureaucracy of ethics approval 
and research permissions was briefly described and justified. The conceptual framework of 
administrative and scientific tasks based on the research questions has also been provided.  
 
Next, Chapter 3 will address the first and second research questions, the administrative tasks. 
This covers the development of an electronic pregnancy register to improve the current manual 
ANC data recording and reporting system, and looks at the steps taken to conduct statistical and 
technical training for the urban and rural midwives. The impact of the training on the midwives’ 
ability to determine the key characteristics of mother and foetus, and to collect and record the 
results of routine ANC examinations (to be used for maternal and foetal risk assessment and 
for development of the foetal growth chart) in the newly developed electronic pregnancy 
register will be discussed. Midwives’ views with regards to factors affecting their ability to 
complete the data documentation tasks will also be explored. 
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Chapter 3 Performance analysis of antenatal care services in documenting 
risk assessment information 
 
This chapter aims to address the first and second research questions. First, it will outline the 
impact of scientific and technical training on midwives’ ability to collect the results of routine 
antenatal care (ANC) examinations and record them in the newly developed electronic 
pregnancy registers. The midwives were recruited from urban and rural primary health care 
centres as these are the most commonly recommended and most cost-effective first level of 
local health care in Indonesia. This chapter explains the steps taken to develop an electronic 
database to provide more reliable and timely maternal and foetal information at three different 
stages of pregnancy and delivery. This is followed by an exploration of midwives’ views with 
regards to factors affecting their ability to complete the data documentation tasks. Finally, the 
impact of the training on the midwives’ ability to determine, collect and record in the newly 
developed electronic pregnancy registers the minimum data (the most influential key quality 
characteristics of mother and foetus) required for foetal weight estimation and development of 
a foetal growth chart is described. 
 
Part of the results presented in this chapter has been published in the following journals: 
1. Anggraini, D, Abdollahian, M, Marion, K, Nuryani, S, Ramadhan, F, Rahayu, RP, 
Rachman, IR & Wurianto, W 2019, ‘The impact of scientific and technical training on 
improving database adequacy for foetal growth chart development in limited-resource 
settings: a case study in the province of South Kalimantan, Indonesia’, Journal of 
Pregnancy, 2019. 
 
URL:  
https://www.hindawi.com/journals/jp/2019/8540637/. 
 
2. Anggraini, D, Abdollahian, M, Marion, K, Nuryani, S, Ramadhan, F, Rahayu, RP, 
Rachman, IR & Wurianto, W 2018, ‘The impact of scientific and technical training on 
improving routine collection of antenatal care data for maternal and foetal risk assessment: 
a case study in the province of South Kalimantan, Indonesia’, Journal of 
Pregnancy, 2018. 
 
URL:  
https://www.hindawi.com/journals/jp/2018/9240157/. 
 
 
 
 
 
 
 24  
3.1 The impact of scientific and technical training on improving routine collection of 
antenatal care data for maternal and foetal risk assessment: a case study in the 
province of South Kalimantan, Indonesia 
 
3.1.1 Introduction 
 
ANC services provided across Indonesian health care centres are expected to comply with a 
quality integrated ANC standard to improve maternal and child health offerings, including 
recording and reporting the results of ANC examinations (MoH 2013c, 2014). This investment 
can provide sufficient information to be analysed and evidence to be used for informed 
planning, decision making and monitoring policy progress to end preventable maternal and 
neonatal mortality (Anggraini et al. 2018, 2019; Blencowe et al. 2013; Lawn et al. 2016; WHO 
2008). 
 
Adequate use of ANC information and its systematic analysis during different stages of 
pregnancy is crucial to monitoring, detecting and assessing the risks and preventable factors 
linked to maternal and neonatal mortality. In Indonesia, the access to timely, complete and 
reliable data on pregnancy-related outcomes and the causes and the impacts of interventions 
remains challenging. This hinders planning programs, decision making and allocating resources 
appropriately to reduce maternal, foetal and neonatal mortality (Achadi & Jones 2014; National 
Research Council 2013; Hull 2015; MoH 2014). Improvement in the availability, consistency 
and quality of ANC data during pregnancy can help medical practitioners detect the risks of 
abnormal delivery; in this way proper interventions can be initiated in a timely manner 
(Anggraini et al. 2018, 2019; Blencowe et al. 2013; de Bernis et al. 2016; Heazell et al. 2016; 
Lawn et al. 2016; Moxon et al. 2015).  
 
In the Indonesian ANC model, midwives are the key practitioners across provinces (87.8% of 
practitioners) (Abdullah et al. 2015; MoH 2013a). They are expected to provide a 
comprehensive and integrated ANC service to pregnant women and document the results of 
examinations in local health recording and reporting systems, such as pregnancy registers, 
mothers’ medical cards and maternal and child health (MCH) booklets (MoH 2014). They are 
also expected to detect early signs of potential complications and abnormalities during 
pregnancy and delivery and provide appropriate interventions or referrals in a timely manner. 
Nevertheless, their ability to document the results of ANC examinations has been reported as 
low with only 20% of the expected data being available in hospitals and 42.5% in public health 
centres (PHCs) (Achadi & Jones 2014). Unrecorded or unavailable local data on maternal, 
foetal and neonatal care have been acknowledged as a major cause of hampering evidence-
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based interventions to track, review and assess the causes and preventable factors associated 
with maternal and neonatal mortality (Kerber et al. 2015; Moxon et al. 2015). 
 
This study, first, assessed the impact of scientific and technical training on the midwives’ ability 
to collect and record the results of routine ANC examinations in local pregnancy registers. The 
midwives were recruited from urban and rural primary health care centres as these are the most 
commonly recommended and most cost-effective first level of local health care in Indonesia. 
The study also explored midwives’ views with regard to factors affecting their ability to 
complete the data documentation tasks. 
 
3.1.2 Method 
 
Research design  
A descriptive and exploratory design using both quantitative and qualitative methods was used. 
The study was carried out in two phases: quantitative design (phase 1) and qualitative design 
(phase 2). During the quantitative phase, a review of local pregnancy registers was conducted. 
The purpose of this phase was to assess and compare midwives’ ability to collect and record 
the results of the recommended ANC examinations (listed in Table 1) during service provision. 
This took place on two occasions: before hands-on scientific and technical training 
(retrospective cohort study using current manual pregnancy registers) and after the training 
program (prospective cohort study using electronic pregnancy registers). Meanwhile, during 
the qualitative phase, i.e. after the training program, electronic questionnaires were distributed 
to the midwives. This phase was used to gather information from the participating midwives 
regarding their views on the challenges of documenting the results of ANC examinations in a 
timely manner.  
 
Setting 
The study was conducted in the province of South Kalimantan, Indonesia between April 2016 
and October 2017. Further information on the study location is provided in Section 2.1. 
 
Participants 
Nineteen midwives were recommended by the provincial health department and midwifery 
association to participate in this study. They had been rendering antenatal and midwifery 
services for a minimum of five years at 19 primary health care centres  (14 PHCs and 5 IMPs). 
These centres are distributed throughout all the administrative areas of the province (2 urban 
and 11 rural areas).  
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The research instrument and data collection 
Phase 1: Quantitative design 
Hands-on scientific and technical training 
Scientific and technical training was initiated and conducted for midwives in Indonesian urban 
and rural primary health care centres (21-22 May 2016) to enhance the existing investment 
program in midwives. The program was intended to reduce maternal and neonatal mortality 
(Achadi & Jones 2014; National Research Council 2013; Hull 2015; Van Lerberghe et al. 2014). 
The training aimed to educate and update midwives with scientific knowledge and the technical 
abilities to allow for routine monitoring, measuring, collecting and electronic recording of 
significant maternal and foetal characteristics during ANC. This initiative was also meant to 
improve the availability, quantity, quality and use of ANC information to strengthen routine 
maternal, foetal and child health information systems and quality of care (Achadi & Jones 2014; 
Kerber et al. 2015; Moxon et al. 2015; Tunçalp et al. 2017; WHO 2008). Additionally, the 
information could be utilised to monitor the progress of policies and programs towards ending 
preventable deaths due to prematurity, stillbirth and low birth weight (LBW) (Blencowe et al. 
2013; Kerber et al. 2015).  
 
The training was divided into two sessions: scientific and technical. In the scientific domain, 
the maternal and foetal characteristics that play a vital role in evidence-based intervention 
decisions to reduce neonatal mortality were discussed. The session also covered scientific 
reasons for the significance of these characteristics and how their measurements are used to 
make evidence-based interventions to prevent neonatal mortality. This scientific introduction 
gave the participating midwives better insights into the importance of complete performance of 
such measurements and recording of results routinely from the start of pregnancy to delivery 
time. 
 
An electronic pregnancy register was introduced in the technical part of the training. Each ANC 
category and its characteristics (Table 1) involved in the electronic register was technically and 
thoroughly explained and discussed to reach a consensus among the midwives. A demonstration 
of how to appropriately record and manage the data was also performed. This session provided 
the representative midwives with better knowledge and skills of how to record the results of 
standard ANC measurements electronically and appropriately. 
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Manual pregnancy register 
During the training, the participating midwives were asked to provide the current manual 
pregnancy registers (1 January 2012 – 31 May 2016) available at primary health care centres 
where they were employed. The structure and content of these registers were then closely 
examined to match and track the recommended ANC characteristics suggested in Table 1. 
These records were then entered into the developed electronic pregnancy register for 
quantitative analyses by local graduates and research students who had experience in the area 
of data entry. To improve the quality of the data processing task, the team in charge of data 
entry was trained to understand the content of the manual and electronic registers. This was 
followed by face-to-face and online communication between the principal investigator, the data 
collection team and the midwives to minimise data entry error. Access was granted to manually 
recorded ANC information on 4,946 women who enrolled, received care and gave birth in the 
centres (Figure 4). 
 
 
Figure 4 Retrospective data for assessing training outcomes  
 
Electronic pregnancy register 
A bilingual electronic pregnancy register was created using a standard platform (Microsoft 
Excel) containing the 12 categories of recommended ANC examinations listed in Table 1. This 
creation was based on the current national application in conjunction with additional 
characteristics that have not been included but are recommended nationally (MoH 2009, 2010a, 
2012a, 2013c) and internationally (Beeckman et al. 2013; Beeckman et al. 2011; Beeckman, 
Louckx & Putman 2013; Blencowe et al. 2013; Blencowe et al. 2012; de Bernabé et al. 2004; 
Gardosi 2014; Gardosi et al. 1992; Gardosi et al. 2014; Gardosi et al. 1995; Johnson 1957; 
Lawn et al. 2011; Lee et al. 2013; Papageorghiou et al. 2014; Papageorghiou et al. 2014; WHO 
2016). 
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The ANC categories are listed in the first column of  Table 1. The objective of this tabulation 
is to stratify maternal and foetal measurements that are routinely undertaken during ANC 
service. The second column represents the recommended national and international 
characteristics under each ANC category. In the third column, unrecorded characteristics of the 
recommended ANC examinations are given. In the newly developed electronic register, new 
columns to record these characteristics were created. It is proposed that these characteristics 
should be made part of the current ANC data recording and reporting systems in Indonesia. 
 
Table 1 List of recommended contents of ANC examinations 
 
ANC category Recommended/current ANC characteristics Proposed ANC characteristics 
Personal information 
(PI) 
Name, name of partner/husband, date of birth, 
address, contact number, educational 
background, occupation, religion, maternal age, 
date of the first registration/visit, ownership of 
health insurance, ownership of Maternal and 
Child Health (MCH) booklet, pre-pregnancy 
weight, pre-pregnancy height and blood type. 
Ethnicity/country of birth and 
pre-pregnancy body mass index 
(BMI). 
Obstetric history (OH) 
 
Gravidity, parity, number of deliveries, number 
of abortions, number of live births, obstetric 
complication history, chronic diseases and 
allergies, the last delivery date, the last menstrual 
period (LMP) and the estimated delivery date 
(EDD). 
Number of stillbirths, number of 
premature births, pre-pregnancy 
contraception, distance between 
previous and current 
pregnancies, the last birth 
attendance, the last tetanus 
toxoid (TT) immunisation and 
the last mode of delivery.  
Delivery plans (DP) Birth attendance, birth place, birth companion, 
transportation and blood donor. 
- 
Antenatal care 
utilisation criteria 
(ANCUC) 
Gestational age (GA), the method of antenatal 
care (ANC) enrolment, date of consultation and 
date of next consultation. 
Number of ANC visits. 
Maternal measurements 
(MM) 
Anamnesis, patellar reflex, weight, middle upper 
arm circumference (MUAC), nutritional status, 
blood pressure and fundal height (FH). 
Height, BMI, body temperature, 
blood pressure (column 
separation between systole and 
diastole records), pulse, breathe 
and abdominal palpation 
(Leopold I, II, III, and IV). 
Laboratory tests (LT) Haemoglobin level, urine protein, syphilis, 
maternal urine reduction, blood sugar level, 
thalassemia, hepatitis B surface antigen, 
prevention of mother to child transmission 
(human immunodeficiency virus (HIV) test), 
rapid test (malaria) and tuberculosis. 
Haemoglobin level: before and 
after having iron tablets, 
sputum acid resistant bacteria 
and ankylostoma test. 
Supplements (S) Iron tablets and tetanus toxoid (TT) 
immunisation. 
Folic acid, calcium, aspirin and 
vitamin C. 
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Maternal risk detection 
(MRD) 
Maternal complication, referral and risk detector. Intervention action. 
Foetal measurements: 
clinical method (CFM) 
Number of gestation, foetal weight estimation, 
foetal heart rate, foetal presentation and foetal 
station/descent level (FS). 
- 
Foetal measurements: 
ultrasound method 
(UFM) 
Not available 
GA based on ultrasound 
scanning, crown-rump length 
(CRL), head circumference 
(HC), abdominal circumference 
(AC), biparietal diameter (BPD), 
femur length (FL), humerus 
length (HL), placenta 
localisation, foetal presentation, 
amniotic fluid index, foetal heart 
rate and foetal weight estimation. 
Foetal risk detection 
(FRD) 
Not available 
Foetal complication, 
intervention action, referral and 
risk detector. 
Delivery time (DT) 
GA at delivery time, LMP age at delivery time, 
active phase I and II (date and time), active phase 
III management, breast feeding initiation, 
neonatal delivery (date and time), placenta 
delivery (date and time), newborn gender, 
newborn presentation, birth weight, birth length, 
HC, birth place and address, delivery 
complication, referral, birth attendance, 
integration programs, bleeding status, mode of 
delivery and survival status (mother and 
newborn). 
AC, chest circumference (CC), 
FL, HL and intervention action 
towards delivery complications.  
Source: Beeckman et al. (2013); Beeckman et al. (2011); Beeckman, Louckx and Putman (2013); Gardosi 
(2014); Gardosi et al. (1992); Gardosi et al. (2014); Gardosi et al. (1995); MoH (2009, 2010a, 2012a, 2013c); 
Papageorghiou et al. (2014); Papageorghiou et al. (2014); Papageorghiou et al. (2016); Postoev et al. (2015); 
WHO (2016); Yussianto (2013). 
 
 
At the end of the training sessions, the representative midwives agreed to participate in the 
prospective cohort study (1 June 2016 – 30 June 2017). By following the national standard 
operational procedures of ANC, the midwives were expected to longitudinally monitor and 
measure the recommended ANC examinations (Table 1) and record the results into the 
developed electronic pregnancy register in a timely manner. Online communication between 
the principal investigator and the midwives was conducted to improve the quality of the data 
processing task and minimise data entry error. Therefore, access was granted to electronically 
recorded ANC information on 381 women who enrolled, received care and gave birth in the 
centres (Figure 5). 
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Figure 5 Prospective data for assessing training outcomes 
 
Phase 2: Qualitative design 
Electronic questionnaires 
After the training, an electronic feedback questionnaire was distributed to the participating 
midwives through email and social media platforms. The questionnaire covered questions on 
the current manual systems of recording and reporting ANC examination results, accessibility 
to the existing health information systems and feedback on the training program. The 
questionnaire responses were used to assess the performance of the current ANC documentation 
systems, the potential challenges to completing the tasks and the impact of the training program. 
The questionnaire responses were electronically collected between August and October 2016. 
A discussion forum was also conducted through a social media platform, both as personal 
communication among the midwives to clarify unclear specific responses and as a group to 
clarify common related issues of ANC data recording and reporting systems. In this study, the 
questionnaire responses from 19 midwives were considered as preliminary data in the analysis, 
so as to enhance the future qualitative aspect of the study. 
 
Statistical analyses 
Descriptive statistics were deployed to assess the performance of routine ANC data collection, 
particularly in documenting the key recommended maternal and foetal characteristics (Table 
1). This was done by calculating the amount of available records of the identified ANC 
characteristics in both manual (retrospective study) and electronic (prospective study) 
pregnancy registers at each primary health care centre. A two-sample t-test was used to compare 
the performance of data documentation process, before and after the training program, across 
the health care facilities. Data management and analyses were performed using Microsoft Excel 
2010 and Minitab 17. 
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Analyses of the emerging codes, categories and themes were conducted to investigate the causes 
of current ANC database gaps. The qualitative data were analysed using non-parametric 
statistics, frequencies, cross tabulations and percentages. Cramer’s V test was used to determine 
the degree of association between midwives’ responses regarding factors affecting their ability 
to successfully complete the ANC data collection tasks. Data management and analyses were 
performed using Microsoft Excel 2010 and SPSS 23. 
 
3.1.3 Results 
 
Midwives’ characteristics 
Overall, the average age of the participating midwives was 41 years (29-56 years). The results 
revealed that 4 (21.1%) midwives were 46 years of age or older, 13 (68.4%) were 36-45 years 
old and 2 (10.5%) were 25-35 years old. The average working experience of midwives in 
antenatal and midwifery services was 19 years. Their experience ranged from six to ten years 
(n = 4; 21.1%), eleven to twenty years (n = 9; 47.4%), twenty-one to thirty years (n = 5; 26.3%) 
and thirty-one or longer (n = 1; 5.3%).  
 
The impact of scientific and technical training on improving routine collection of ANC data 
 
Scientific and technical training has significantly improved the average amount of recorded 
ANC data suggested in Table 1 across all primary health care providers. A two-sample t-test 
shows an overall increase in data recorded from 17.5 to 62.1% (p-value <0.0005) (Table 2).  
 
Table 2 Data recorded before and after training 
Treatment Mean 
Standard 
deviation 
Standard 
error of 
mean 
Estimate 
for 
difference 
95% Confidence 
interval for 
difference  T-value P-value 
Pooled 
standard 
deviation Lower 
bound 
Upper 
bound 
After 
training 
62.1 40.4 1.7 
44.6*** 40.5 48.8 21.1 <0.0005 35.0 
Before 
training 
17.5 28.5 1.2 
***Significant at p-value < 0.0005 
**Significant at p-value < 0.05 
* Significant at alpha p-value < 0.1 
 
 
This significant improvement is presented by category in Figure 6 and listed by category in 
Table 3. The results show an overall improvement, particularly in documenting personal 
information, obstetric history, delivery plans, ANC utilisation criteria, maternal measurements, 
provision of supplements, clinical foetal measurements and delivery time (from 0.8-47.9% to 
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57.4-99.2%). However, midwives’ responsiveness on the importance of collecting and 
recording the results of laboratory tests, maternal risk detection, ultrasonic foetal measurements 
and foetal risk detection suggest room for improvement (<12%).  
 
Figure 6 Plot of ANC data recorded by category before and after training  
 
Table 3 ANC data recorded by category before and after training  
12 recommended ANC categories 
Before 
training 
(%) 
After 
training 
(%) 
Personal information (PI) 33.1 91.7 
Obstetric history (OH) 25.9 64.4 
Delivery plans (DP) 0.8 99.2 
Antenatal care utilisation criteria (ANCUC) 47.9 91.0 
Maternal measurements (MM) 32.3 82.1 
Laboratory tests (LT) 1.5 11.3 
Supplements (S) 5.0 69.9 
Maternal risk detection (MRD) 2.4 6.5 
Foetal measurements using clinical method 
(CFM) 
18.0 57.4 
Foetal measurements using ultrasound 
method (UFM) 
0.0 11.3 
Foetal risk detection (FRD) 0.0 0.4 
Delivery time (DT) 14.0 75.8 
 
Improvement of database adequacy for maternal and foetal risk assessment 
This analysis compared the ability of midwives to record the results of the recommended ANC 
examinations (Table 1) before and after the training program. The results can be used to assess 
the impact of training on improving database adequacy for maternal and foetal risk detection 
during pregnancy.  
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The ANC categories are presented in the first column together with their characteristics. The 
second and third main columns provide the type of primary health care centres: PHCs and IMPs. 
These columns have been divided into two sub columns to represent urban and rural areas. 
Urban areas (sub columns 1 and 3) consist of 3 midwives representing PHCs and 4 midwives 
representing IMPs. Rural areas (sub columns 2 and 4) comprising of 11 midwives representing 
PHCs and 1 midwife representing IMP. In each sub column, the amount of recorded ANC data 
(%) for the identified characteristics has been calculated. The relevant performance summary 
of the detailed data collection is given below. 
 
Maternal risk assessment 
Maternal risks can be assessed from their personal information, obstetric history, delivery plans, 
maternal measurements, laboratory tests and nutritional interventions/supplements.  
 
Personal information (PI) 
A significant improvement in the midwives’ ability to document personal information is 
indicated in Table 4, particularly in the data relating to educational background, occupation, 
ownership of health insurance, ownership of MCH booklets, pre-pregnancy weight, pre-
pregnancy height, pre-pregnancy body mass index (BMI) and blood type (from 0.0-54.3% 
completion before training to 63.8-100.0% after training). 
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Table 4 Personal information  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Personal information (PI) 
Name 99.7 100.0 99.8 100.0 100.0 100.0 100.0 100.0 
Name of 
partner/husband 
99.5 100.0 93.2 100.0 99.1 100.0 97.5 100.0 
Date of birth 0.0 93.6 1.2 84.3 0.1 54.8 0.0 100.0 
Address 99.2 100.0 69.2 100.0 93.3 96.8 99.5 100.0 
Contact number 0.7 27.7 0.0 41.4 7.1 48.4 83.7 96.7 
Educational 
background 
0.0 95.7 1.4 100.0 13.9 96.8 0.0 100.0 
Occupation 0.0 100.0 0.7 99.6 32.3 100.0 0.0 100.0 
Religion 0.0 100.0 2.3 99.6 29.4 100.0 0.0 100.0 
Maternal age 99.3 100.0 72.7 100.0 95.0 100.0 99.1 100.0 
Date of the first 
registration/visit 
6.0 100.0 93.7 100.0 57.3 100.0 0.0 100.0 
Ownership of 
health insurance 
0.0 63.8 16.7 98.9 3.2 93.6 0.0 100.0 
Ownership of 
Maternal and 
Child Health 
(MCH) booklet 
53.7 100.0 54.1 100.0 8.4 96.8 0.0 100.0 
Prepregnancy 
weight (kg) 
44.9 97.9 11.7 100.0 5.7 100.0 0.0 100.0 
Prepregnancy 
height (cm) 
35.0 97.9 9.9 100.0 10.8 100.0 0.0 100.0 
Blood type 29.7 97.9 18.2 93.4 4.1 93.6 0.0 100.0 
Ethnicity/country 
of birth# 
0.0 0.0 0.0 33.0 0.0 32.3 0.0 100.0 
Prepregnancy 
Body Mass 
Index (BMI)# 
(kg/m2) 
54.3 97.9 35.5 100.0 10.9 100.0 0.0 100.0 
  #Currently not available in the current manual ANC register 
 
 
Obstetric history (OH) 
The results presented in Table 5 show that midwives’ competencies were improved in data 
collection tasks on obstetric history, particularly in recording the number of still births and 
premature births. They were also more responsive in documenting gravidity, parity, number of 
deliveries, abortions and live births. The midwife from the rural IMP collected substantially 
more data on pre-pregnancy contraception, pregnancy interval, the last birth attendance, the last 
tetanus toxoid (TT) immunisation and the last mode of delivery (from 0.0% to 70-96.7%). 
However, midwives were still less aware of the importance of documenting complication 
history (<17%) and chronic disease and allergies (<7%). 
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Table 5 Obstetric history  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Obstetric history (OH) 
Gravidity 98.1 100.0 60.8 100.0 50.4 100.0 71.2 100.0 
Parity 96.4 100.0 66.9 100.0 86.7 100.0 71.4 100.0 
Number of 
deliveries 
86.2 100.0 53.8 100.0 83.6 100.0 71.4 100.0 
Number of 
abortions 
86.6 100.0 40.0 100.0 78.9 100.0 71.4 100.0 
Number of live 
births 
77.8 100.0 46.1 100.0 35.6 100.0 71.2 100.0 
Number of 
stillbirths# 
0.0 100.0 0.0 100.0 0.0 100.0 0.0 100.0 
Number of 
premature 
births# 
0.0 100.0 0.0 100.0 0.0 100.0 0.0 100.0 
Obstetric 
complication 
history 
0.0 14.9 0.0 7.0 0.3 0.0 0.0 16.7 
Chronic 
diseases and 
allergies 
0.0 0.00 0.0 0.7 0.0 0.0 0.0 6.7 
Prepregnancy 
contraception# 
0.0 0.00 0.0 27.8 0.0 25.8 0.0 90.0 
Distance 
between 
previous and 
current 
pregnancies# 
0.0 0.0 0.0 22.0 0.0 25.8 0.0 73.3 
The last birth 
attendance# 
0.0 0.0 0.0 21.6 0.0 22.6 0.0 70.0 
The last tetanus 
toxoid (TT) 
immunisation# 
0.0 0.0 0.0 30.4 0.0 9.7 0.0 96.7 
The last mode 
of delivery# 
0.0 0.0 0.0 21.6 0.0 22.6 0.0 70.0 
The last 
delivery date 
0.0 72.3 1.1 73.6 1.5 32.3 0.0 70.0 
The last 
menstrual 
period (LMP) 
36.2 100.0 31.3 100.0 73.4 100.0 29.3 100.0 
The estimated 
delivery date 
(EDD) 
43.6 100.0 22.7 100.0 62.5 100.0 52.8 100.0 
 #Currently not available in the current manual ANC register 
 
Delivery plans (DP) 
The performance of midwives in documenting information on birth preparedness was 
significantly improved across both urban and rural centres (from 0.0-4.1% to 95.2-100.0%) 
(Table 6). This involved plans for birth attendance, birth place, birth companion, transportation 
and blood donor. 
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Table 6 Delivery plans 
 
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Delivery plans (DP) 
Birth attendance 0.1 100.0 3.4 99.6 4.1 100.0 0.0 100.0 
Birth place 0.3 100.0 0.0 100.0 3.8 100.0 0.0 100.0 
Birth companion 0.0 100.0 0.0 100.0 3.9 100.0 0.0 100.0 
Transportation 0.0 97.9 0.0 96.3 0.0 100.0 0.0 100.0 
Blood donor 0.0 95.7 0.0 95.2 0.9 100.0 0.0 100.0 
 
Maternal measurements (MM) 
The responsiveness of urban and rural midwives in collecting and recording the results of 
maternal measurements during pregnancy was significantly improved (Table 7). The 
examinations included anamnesis, patellar reflex, maternal middle upper arm circumference 
(MUAC), nutritional status, blood pressure, body temperature, pulse and breath (from 0.0-
88.0% to 66.1-100.0%). Improvement was also seen in the assessment of abdominal palpation 
and fundal height (FH) (from 0.0-69.8% to 42.5-100.0%). 
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Table 7 Maternal measurements  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Maternal measurements (MM) 
Anamnesis 0.0 97.9 11.9 85.3 48.6 66.1 0.0 100.0 
Patellar reflex 0.0 72.3 16.4 86.7 0.5 70.9 0.0 100.0 
Weight (kg) 90.2 97.9 72.2 98.1 76.5 71.7 69.6 100.0 
Height (cm) 79.4 97.9 56.7 98.1 55.5 71.7 5.2 100.0 
Body mass index 
(BMI) (kg/m2) 
78.5 97.9 70.8 98.1 53.3 71.7 5.2 98.6 
Middle upper 
arm 
circumference 
(MUAC) (cm) 
77.8 97.9 57.9 83.9 63.8 72.4 3.2 100.0 
Nutritional status 77.7 97.9 59.2 83.9 63.8 73.2 3.2 100.0 
Blood pressure 
(systole)# 
(mmHg) 
88.0 97.3 68.8 97.8 76.5 70.9 69.6 100.0 
Blood pressure 
(diastole)# 
(mmHg) 
88.0 97.3 67.9 97.8 76.5 70.9 69.6 100.0 
Body 
temperature#(oC) 
0.0 72.9 0.0 97.8 8.2 70.1 0.0 100.0 
Pulse# 0.0 76.1 0.0 97.8 14.7 70.1 0.0 100.0 
Breath# 0.0 76.1 0.0 97.7 14.7 70.1 0.0 100.0 
Abdominal 
palpation  
(Leopold I)# 
0.0 96.8 0.9 89.1 26.6 71.7 0.0 100.0 
Abdominal 
palpation  
(Leopold II)# 
0.0 58.5 1.3 66.9 26.4 45.7 44.7 99.1 
Abdominal 
palpation  
(Leopold III)# 
0.0 56.9 0.6 69.2 19.4 44.9 34.9 66.7 
Abdominal 
palpation 
(Leopold IV)# 
0.0 55.3 0.5 66.9 14.2 43.3 36.7 67.1 
Fundal height 
(FH) (cm) 
0.0 62.2 16.5 65.8 62.0 42.5 69.8 63.5 
#Currently not available in the current manual ANC register 
 
 
Laboratory tests (LT) 
The average amount of recorded laboratory data before (1.5%) and after (11.3%) the training 
program remained low (Table 3). However, urban and rural midwives have attempted to 
improve the data accessibility of laboratory test results. This is particularly true for the 
haemoglobin test (from 0.0-20.2% to 4.8-35.6%, Table 8) and the blood type (from 0.0-29.7% 
to 93.41-100.0%, Table 4), which are highly recommended to be routinely performed during 
pregnancy (MoH 2014).   
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Table 8 Laboratory tests  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Laboratory tests (LT) 
Haemoglobin 
level before 
having iron 
tables# 
20.2 35.6 11.2 18.3 8.4 24.4 0.9 13.2 
Haemoglobin 
level after having 
iron tables# 
0.0 4.8 0.0 18.5 0.0 9.5 0.0 13.2 
Urine protein 0.0 49.5 3.3 33.5 7.0 53.5 4.5 0.9 
Sputum acid 
resistant 
bacteria# 
0.0 3.2 0.0 0.7 0.0 0.8 0.0 0.0 
Syphilis 0.0 2.7 0.7 0.3 0.0 0.8 0.0 0.0 
Maternal urine 
reduction 
19.0 47.3 0.1 23.6 0.2 45.7 0.0 1.8 
Blood sugar 
level 
0.0 26.1 1.1 7.1 0.1 8.7 0.0 0.5 
Thalassemia 0.0 10.6 0.8 0.2 0.0 0.0 0.0 0.0 
Hepatitis B 
surface antigen 
0.0 23.4 0.0 2.6 0.0 7.1 0.0 0.9 
Prevention of 
mother to child 
transmission 
(human immuno-
deficiency virus 
(HIV) test) 
0.0 42.0 0.0 5.4 0.0 3.9 0.0 0.9 
Rapid test 
(malaria) 
0.0 21.8 0.0 18.6 0.0 0.0 0.0 0.5 
Tuberculosis 0.0 2.7 0.0 2.9 0.0 0.0 0.0 0.0 
Ankylostoma# 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 #Currently not available in the current manual ANC register 
 
Supplements (S) 
Midwives’ ability to document the provision of supplements was substantially improved, 
particularly among rural midwives (from 0.0-42.5% to 81.0-100.0%) (Table 9), except for 
tetanus toxoid (TT) immunisation records (< 45%). The staff from primary health care facilities 
did not do so well in coverage and documentation of this characteristic. 
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Table 9 Supplements  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Supplements (S) 
Iron tablets 0.0 88.8 42.5 90.8 1.2 65.4 0.0 100.0 
Folic acid# 0.0 91.0 0.0 85.1 1.3 68.5 0.0 100.0 
Calcium# 0.0 64.4 0.0 81.0 0.0 68.5 0.0 100.0 
Aspirin# 0.0 18.6 0.0 82.8 0.0 65.4 0.0 100.0 
Vitamin C# 2.5 34.0 0.9 86.7 1.6 67.7 0.0 100.0 
Tetanus toxoid 
(TT) 
immunisation 
14.8 28.2 36.6 30.3 18.3 44.1 0.0 17.4 
 #Currently not available in the current manual ANC register 
 
Maternal risk detection (MRD) 
Midwives have made efforts to improve information on maternal complications, yet the amount 
of data remained low (<26%) across primary health care centres (Table 10). This resulted in a 
lack of documentation on appropriate interventions (<32%) and referral tasks (<15%).  
 
Table 10 Maternal risk detection  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Maternal risk detection (MRD) 
Maternal 
complication 
0.0 25.5 0.9 20.0 0.0 5.5 3.6 0.9 
Maternal 
intervention 
action# 
0.0 14. 9 2.4 10.5 31.1 4.7 0.0 0.0 
Referral 0.1 0.0 0.0 14.7 0.5 0.8 0.5 0.9 
Risk detector 0.0 0.0 0.0 1.5 0.0 2.4 0.0 1.4 
 #Currently not available in the current manual ANC register 
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Foetal risk assessment 
Foetal risks can be assessed through available information on foetal measurements based on 
clinical and ultrasound methods.   
 
Foetal measurements: clinical (CFM) and ultrasound (UFM) methods 
Overall, midwives’ competencies have improved in clinically documenting foetal growth 
(Table 11). Rural midwives tended to provide more information on the number of gestation, 
foetal weight estimation, foetal heart rate, foetal presentation and foetal station/descent level 
(FS) than urban midwives (from 0.0-61.0% to 57.3-100.0%). The midwife from the rural IMP 
was more responsive in collecting and recording the results of foetal measurements through 
ultrasound (from 0.0% to 0.9 -70.3%).  
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Table 11 Foetal measurements: clinical and ultrasound methods 
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Foetal measurements: clinical method (CFM) 
Number of 
gestation 
0.0 56.4 25.5 78.5 0.0 62.3 0.0 100.0 
Foetal weight 
estimation (g) 
0.0 33.5 4.4 57.3 0.3 26.8 50.6 63.9 
Foetal heart rate 0.0 50.0 20.9 65.6 28.6 41.7 61.0 77.2 
Foetal 
presentation 
0.0 43.6 24.4 61.1 12.2 40.2 54.4 70.3 
Foetal 
station/descent 
level (FS) 
0.0 50.0 24.2 58.7 0.1 40.2 54.2 70.8 
Foetal measurements: ultrasound method (UFM) 
Gestational age 
(GA) based on 
ultrasound 
scanning# 
(weeks) 
0.0 0.0 0.0 3.7 0.0 1.6 0.0 70.4 
Crown rump 
length (CRL)# 
(mm) 
0.0 0.0 0.0 0.3 0.0 0.0 0.0 18.3 
Head 
circumference 
(HC)# (mm) 
0.0 0.0 0.0 0.1 0.0 0.0 0.0 55.3 
Abdominal 
circumference 
(HC)# (mm) 
0.0 0.0 0.0 0.4 0.0 0.0 0.0 57.1 
Biparietal 
diameter (BPD)# 
(mm) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 54.8 
Femur length 
(FL)# (mm) 
0.0 0.0 0.0 0.2 0.0 0.0 0.0 49.8 
Humerus length 
(HL)# (mm) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 
Placenta 
localisation# 
0.0 0.0 0.0 1.1 0.0 1.6 0.0 58.9 
Foetal 
presentation# 
0.0 0.0 0.0 2.8 0.0 2.4 0.0 54.8 
Amniotic fluid 
index# 
0.0 0.0 0.0 0.7 0.0 1.6 0.0 0.9 
Foetal heart rate# 0.0 0.0 0.0 1.2 0.0 2.4 0.0 50.7 
Foetal weight 
estimation# (g) 
0.0 0.0 0.0 2.6 0.0 2.4 0.0 39.3 
 #Currently not available in the current manual ANC register 
 
 
Foetal risk detection (FRD) 
Comparable to maternal risk detection, the competence of midwives in gathering information 
on foetal complications was persistently low (<1%) (Table 12). As a result, data documentation 
on appropriate interventions and referral tasks was also low (< 2%). 
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Table 12 Foetal risk detection  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Foetal risk detection (FRD) 
Foetal 
complication# 
0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 
Foetal 
intervention 
action# 
0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 
Referral# 0.0 0.0 0.0 0.1 0.0 1.6 0.0 0.0 
Risk detector# 0.0 0.0 0.0 0.2 0.0 3.2 0.0 0.0 
 #Currently not available in the current manual ANC register 
 
ANC service utilisation and pregnancy outcomes 
ANC service utilisation and pregnancy outcomes can be assessed through available ANC 
utilisation criteria and maternal and neonatal information recorded at delivery time. 
 
Antenatal care utilisation criteria (ANCUC) 
The responsiveness of urban and rural midwives in collecting and recording the criteria for 
ANC utilisation during pregnancy was significantly improved (from 47.9% to 91.0%) (Table 
3). The criteria included measurement of gestational age (GA), method of ANC enrolment, date 
of consultation, date of the next consultation and number of ANC visits (Table 13). 
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Table 13 Antenatal care utilisation criteria  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Antenatal care utilisation criteria (ANCUC) 
Gestational age 
(GA) (weeks) 
96.5 99.5 92.1 98.1 77.4 70.1 59.6 100.0 
Method of 
ANC 
enrolment 
0.0 95.7 1.9 97.9 0.0 63.0 0.0 100.0 
Date of 
consultation 
53.3 97.9 91.9 98.1 75.3 73.2 69.2 100.0 
Date of the 
next 
consultation 
0.0 69.7 1.9 88.3 0.8 68.5 0.2 100.0 
Number of 
ANC visits# 
96.4 100.0 95.1 100.0 76.5 100.0 69.2 100.0 
#Currently not available in the current manual ANC register 
 
 
Delivery Time (DT) 
The performance of midwives in documenting maternal and neonatal information at delivery 
time was significantly improved across urban and rural centres (from 14.0% to 75.8%) (Table 
3). The information included GA (from 8.8-34.9% to 100.0%), newborn gender (from 17.3-
67.1% to 95.7-100.0%), birth weight (from 18.0-68.5% to 100.0%) and survival status of 
mother and newborn (from 7.7-47.7% to 100.0%) (Table 14). However, data documentation on 
neonatal anthropometric characteristics and delivery complications should be further improved. 
 
Table 14 Delivery time  
ANC category 
PHCs IMPs 
Urban areas Rural areas Urban areas Rural areas 
% % % % 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Before 
training 
After 
training 
Total 
Pregnancy 
752 47 2825 273 928 31 441 30 
Delivery time (DT) 
Gestational age 
(GA) at delivery 
time (weeks) 
12.2 100.0 34.9 100.0 8.8 100.0 34.2 100.0 
Last menstrual 
period (LMP) 
age at delivery 
time (weeks) 
0.1 97.9 32.4 99.6 13.6 96.8 0.0 100.0 
Active phase I 
(date) 
0.0 100.0 16.1 96.0 3.1 77.4 0.2 83.3 
Active phase I 
(time) 
0.0 70.2 15.5 93.8 2.9 71.0 0.0 76.7 
Active phase II 
(date) 
0.0 97.9 23.2 94.5 3.1 67.7 0.0 100.0 
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Active phase II 
(time) 
0.0 70.2 15.3 93.4 3.0 67.7 0.0 80.0 
Active phase III 
management 
0.0 78.7 15.7 96.0 3.1 67.7 0.0 100.0 
Breast feeding 
initiation 
0.0 97.9 14.9 96.3 3.1 71.0 0.0 100.0 
Neonatal 
delivery (date)  
30.7 100.0 36.1 100.0 19.1 90.3 69.6 100.0 
Neonatal 
delivery (time)  
27.4 95.7 40.8 96.0 19.0 87.1 66.9 100.0 
Placenta delivery 
(time) 
0.0 93.6 34.9 95.6 10.9 67.7 69.6 100.0 
Newborn gender 29.8 95.7 29.1 99.6 17.3 96.8 67.1 100.0 
Newborn 
presentation 
0.1 98.0 42.6 99.6 23.6 93.6 0.0 100.0 
Birth weight (g) 35.2 100.0 31.3 100.0 18.0 100.0 68.5 100.0 
Birth length (cm) 29.4 95.7 34.6 99.6 35.8 83.9 64.2 100.0 
Head 
circumference 
(HC) (cm) 
0.0 95.7 16.9 92.3 26.9 77.4 0.0 80.0 
Abdominal 
circumference 
(AC) (cm)# 
0.0 61.7 0.4 82.8 9.7 35.5 0.0 53.3 
Chest 
circumference 
(CC) (cm)# 
0.0 95.7 7.5 83.5 1.4 71.0 0.0 53.3 
Femur length 
(FL) (cm)# 
0.0 29.8 1.0 32.2 0.1 3.2 0.0 53.3 
Humerus length 
(HL) (cm)# 
0.0 29.8 0.5 43.2 0.4 3.2 0.0 53.3 
Birth place 25.4 97.9 23.9 100.0 5.3 93.6 7.7 100.0 
Address of birth 
place 
23.4 95.7 6.7 96.7 4.4 90.3 0.0 100.0 
Delivery 
complications 
0.4 2.1 2.3 4.8 0.6 0.0 0.0 3.3 
Intervention 
action 
0.3 4.3 0.1 5.9 0.0 6.5 0.0 3.3 
Referral 6.8 4.3 6.8 4.8 1.2 6.5 8.6 0.0 
Birth attendance 12.9 95.7 30.5 97.8 11.4 93.6 69.6 100.0 
Integration 
programs 
0.1 25.5 10.5 71.8 3.1 38.7 0.0 100.0 
Bleeding status 
(cc) 
0.0 53.2 0.0 23.8 2.6 22.6 0.0 3.3 
Mode of delivery 1.2 95.7 18.9 98.9 11.0 100.0 0.0 100.0 
Survival status 
(mother) 
25.7 100.0 29.9 100.0 11.2 100.0 7.7 100.0 
Survival status 
(newborn) 
25.9 100.0 47.7 100.0 11.3 100.0 7.7 100.0 
 
 
Midwives’ perspectives on challenges to timely collecting and recording of ANC examination 
results 
 
Table 15 is a cross tabulation analysis of midwives’ opinions of the existing ANC data 
recording and reporting systems. The table includes their feedback on the scientific and 
technical training. The first column lists the main open questions with the respective categories 
of answers. The second column describes the percentage of responses across urban and rural 
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PHCs and IMPs. The third column represents the percentage of responses for each category of 
identified answers. The last column shows the Cramer’s V test value carried out to identify 
whether there is an association between midwives’ responses with respect to factors affecting 
their ability to successfully complete the ANC data documentation tasks. A 5% significant level 
is used for the Cramer’s V test. 
 
Table 15 Midwives’ opinions on ANC systems and training 
Type of questions and 
category of answers 
Responses (n = 19) 
Total 
(%) 
Cramer’s V test 
value 
(P-value) 
Urban 
PHCs 
(% of Total) 
Rural  
PHCs 
(% of Total) 
Urban 
IMPs 
(% of Total) 
Rural  
IMP 
(% of Total) 
Existing formats of recording ANC data (Q.1.1) 
Pregnancy register 0 15.8 0 0  15.8 
.523 
(.211) 
Pregnancy register and 
MCH booklet 
0  10.5 0  5.3 15.8 
Pregnancy register and 
mother card 
0  5.3 5.3 0  10.5 
MCH booklet and mother 
card 
5.3 10.5 15.8 0  31.6 
Pregnancy register, MCH 
booklet, and mother card 
10.5 15.8 0  0 26.3 
What need to be improved in the existing formats (Q2.2) 
Structure/layout/ 
infrastructure 
5.3 15.8 0  0  21.1 
.515 
(.240) 
Time to complete 0  5.3 0  0  5.3 
All good 0  0  5.3 5.3 10.5 
No comment 10.5 15.8 10.5 0  36.8 
No response 0  21.1 5.3 0  26.3 
Existing methods of recording ANC data (Q1.3) 
Manual  0  36.8 15.8 0  52.6 .552 
(.128) Manual and computational 15.8 21.1 5.3 5.3 47.4 
Current procedure of reporting ANC data (Q1.4) 
IMP reports to PHC 5.3 0  10.5 5.3 21.1 
.510 
(.107) 
PHC reports to health 
department 
5.3 21.1 0  0  26.3 
IMP/village midwife reports 
to PHC, then PHC reports to 
health department 
5.3 36.8 10.5 0  52.6 
Number of submitted reports (Q1.5) 
One 0  25.0 0  0  25.0 
.505 
(.525) 
Two 0  16.7 0  0  16.7 
More than three 8.3 16.7 25.0 8.3 58.3 
Factors hindering the process of recording complete ANC data (Q1.6) 
Time limitation 6.3 0 12.5 6.3 25.0 
.572 
 (.220) 
Network limitation 0 6.3 0.0 0  6.3 
Poor recording and reporting 
systems 
12.5 18.8 0 0  31.3 
No/late notification of 
pregnancy 
0  25.0 0  0  25.0 
Combination  0  12.5 0  0  12.5 
Factors hindering the process of timely report ANC data (Q1.7) 
Lack of skills and 
facilities/tools 
7.7 7.7 0  0  15.4 
.543 
(.261) 
High workload 7.7 7.7 7.7 7.7 30.8 
Unawareness  7.7 38.5 0  0  46.2 
All good 0  0 7.7 0  7.7 
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*The p-value > 0.05 indicates there is no significant difference between midwives’ responses with respect to 
factors affecting their ability to successfully complete the ANC tasks 
 
Some combination between pregnancy register, mothers’ medical card and MCH booklet is the 
manual format most commonly used among midwives to collect and record ANC data (26.3-
31.6%) (Table 15). Twenty-one per cent of the midwives believed that the design and 
infrastructure of these formats should be further improved. Supervision and monitoring on the 
completeness of ANC data have been routinely undertaken (78.9%). Almost half of the 
midwives have been trained for ANC data management. However, surprisingly, fewer than 20% 
of them were aware of and using the existing electronic database formats, either SIKDA 
Generic (regional health information system) (5.3%) or PWS KIA Kartini (local monitoring of 
maternal and child health) (15.8%). 
 
Poor recording and reporting systems (31.3%), late notification or no notification of the 
pregnancy (25.0%) and time limitations (25.0%) were the main contributing factors for 
midwives not completing ANC data records (Table 15). Almost 60.0% of the midwives had to 
manually prepare multiple reports every month. Lack of awareness (46.2%), high workload 
(30.8%) and insufficient skills and facilities (15.4%) were the main reasons for delays in 
collecting and reporting routine ANC data. Seventeen midwives (89.5%) responded positively 
on the effectiveness of the training and 52.6% of them recognised the importance of the new 
electronic register, particularly if it could be computationally and automatically linked with the 
monthly ANC reporting formats.  
Supervision and monitoring to review the completeness of ANC data (Q1.8) 
Yes 15.8 47.4 15.8 0 78.9 .494 
(.310) No 0 10.5 5.3 5.3 21.1 
The implementation of SIKDA Generic (Q2.1.1) 
Yes 0  0  5.3 0  5.3 
.463 
(.206) 
No 10.5 36.8 15.8 5.3 68.4 
No idea 5.3 0  0  0  5.3 
No response 0 21.1 0  0  21.1 
The implementation of PWS KIA Kartini (Q2.1.2) 
Yes  5.3 5.3 5.3 0  15.8 
.273 
(.898) 
No 10.5 42.1 15.8 5.3 73.7 
No response 0  10.5 0  0  10.5 
Training experience on ANC data management/recording and reporting systems (Q2.3) 
Yes 10.5 31.6 5.3 0  47.4 
.308 
(.730) 
No 5.3 21.1 15.8 5.3 47.4 
No response 0  5.3 0  0  5.3 
Response to the initiated scientific and technical training (Q3.1) 
Positive 10.5 52.6 21.1 5.3 89.5 
.407 
(.421) 
No comment 5.3 0  0  0  5.3 
No response 0  5.3 0  0  5.3 
Response to the proposed electronic data recording/reporting format (Q3.2.4) 
Positive 10.5 15.8 21.1 5.3 52.6 
.391 
(.524) 
Constructive feedback 5.3 15.8 0  0  21.1 
No comment 0  10.5 0  0  10.5 
No response 0 15.8 0  0  15.8 
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3.1.4 Discussion 
 
Age and experience of the midwives 
Most of the midwives ranged in age between 29 and 56 years, implying that the participants 
were senior midwives. The midwives’ working experience ranged between 6 and 36 years in 
antenatal and midwifery services across urban and rural primary health care facilities.   
 
Impact of scientific and technical training on improving routine collection of ANC 
examination results 
 
The scientific and technical training provided has equipped Indonesian urban and rural 
midwives with knowledge of the importance of documenting ANC data. It has been shown that 
investments in continuous training among midwives are vital to ending preventable deaths (de 
Bernis et al. 2016). The improvement of their basic midwifery care in documenting the results 
of ANC examinations was overall higher (62.1%) (Table 2) than the current national reported 
figures (42.5%) (Achadi & Jones 2014). This was particularly the case in collecting and 
recording the key quality characteristics of mother and foetus used to assess risks during 
pregnancy.  
 
Routine collection of ANC data is vital for improving maternal and foetal health. If good quality 
of care can be associated with effective data collection during labour (de Bernis et al. 2016), 
then it is also crucial to having real-time data collection at different stages of pregnancy to 
optimise the quality of ANC. Such data collection is important for promoting evidence-based 
approaches to ANC to achieve positive, transparent and respectful pregnancy experiences and 
improve  pregnancy outcomes (Tunçalp et al. 2017). 
 
Currently, local health registers rather than the periodic household health surveys are used to 
identify risk factors that might be addressed to reduce maternal and neonatal mortality (Burke 
et al. 2011; National Research Council 2013; Hull 2015). With the adoption of a 
decentralisation policy in Indonesia (National Research Council 2013; Hull 2015), access to 
routine and consistent local data collection of maternal and foetal measurements during ANC 
is urgently required. Given appropriate training, supervision, quality control and technology to 
strengthen the records maintenance, local maternal, foetal and neonatal health data can be used 
as reliable baseline information to improve the quality of care services (Burke et al. 2011).  
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Improvement of database adequacy for maternal and foetal risk assessment 
Access to individual (disaggregate) information on maternal, foetal and neonatal health during 
pregnancy and at delivery is vital to strengthen accountability of routine health information 
systems. The training has significantly improved midwives’ responsiveness to consistently 
documenting the key characteristics of individual mother and foetus at different stages of 
pregnancy and delivery. The use of this information enables midwives to improve the quality 
of risk assessment and target informed planning, interventions and referrals with a view to 
preventing maternal, neonatal and child mortality and promoting equality, particularly in rural 
areas (Achadi & Jones 2014; de Bernis et al. 2016; Lawn et al. 2016; Moxon et al. 2015). 
 
It is well documented that maternal lifestyle and chronic disease history are factors that 
influence maternal, foetal and neonatal health, and contribute to spontaneous preterm births, 
stillbirths and LBW (Bar-Zeev et al. 2014; Blencowe et al. 2013; de Bernis et al. 2016; MoH 
2014). Although it is recommended that tobacco and substance use be investigated during 
maternal assessment at every ANC visit (WHO 2016), there are no specific columns in the 
current manual pregnancy register that allow midwives to document such information, unless 
they do so in the chronic diseases and allergies column. Therefore this study recommends that 
additional columns be provided for recording smoking habits and alcohol consumption 
separately in order to improve maternal risk detection.  
 
The midwives did not know about documenting a delivery plan which is why birth preparedness 
is potentially one of the remaining and emerging challenges in reducing maternal and neonatal 
mortality in Indonesia (Achadi & Jones 2014). However the training given has significantly 
improved midwives’ responsiveness in recording this information (from 0.8 to 99.2%) (Table 
3). This in turn will increase community demand for the use of care and consequently improve 
the quality continuum and effectiveness of obstetric care.  
 
In the current national ANC standard, MUAC is measured once only, in the first trimester of 
pregnancy, to screen for the risk of chronic energy deficiency or malnutrition among pregnant 
women (MoH 2014). This study highly recommends that MUAC be measured routinely at 
different trimesters of pregnancy for the following reasons. MUAC has a significant 
relationship with BMI which corresponds to maternal weight and height (Brito et al. 2016). 
Hence it may be affected by changes in maternal weight which is well documented as a factor 
that contributes to spontaneous preterm births and relates to LBW (Achadi & Jones 2014; 
Blencowe et al. 2013; MoH 2014). This becomes a focus when looking to end preventable 
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stillbirths (Lawn et al. 2016). This recommendation can potentially be considered as a new 
baseline for evaluation in the future, as part of the effort towards reducing neonatal mortality 
and achieving the target of Sustainable Development Goals (SDGs) 2030 (Achadi & Jones 
2014).  
 
During pregnancy collecting data and keeping record of laboratory test results is crucial 
(Blencowe et al. 2013; Burke et al. 2011; MoH 2014). It can be used as an information base to 
improve detection of infections caused by microorganisms during pregnancy, particularly for 
those who are living in vulnerable and epidemic areas (de Bernabé et al. 2004). For instance, 
maternal infections and anaemia are well documented as one of the risk factors in the occurrence 
of spontaneous preterm births, stillbirths and neonatal deaths (Achadi & Jones 2014; Blencowe 
et al. 2013; de Bernis et al. 2016). Although the training program has improved the accessibility 
of laboratory data, the average number of records across primary health care services remains 
low. These findings may indicate that some of the laboratory tests do not necessarily need to be 
done. For example, malaria, syphilis and HIV tests should be routinely undertaken only in high-
prevalence settings (de Bernabé et al. 2004; MoH 2014; WHO 2006b) and that is not the case 
for this study population. In addition, urine protein, blood sugar level and tuberculosis tests are 
only performed when symptoms occur (MoH 2014). 
 
Midwives’ competencies in documenting the provision of nutritional interventions/supplements 
(iron, folic acid, calcium, vitamin C) for pregnant women were significantly improved after the 
training program (from 0.0-42.5% to 34.0-100.0%) (Table 10). Daily intake of these 
supplements are highly recommended to prevent anaemia, sepsis, LBW, preterm births, 
stillbirths and pre-eclampsia, which consequently improves pregnancy outcomes (de Bernis et 
al. 2016; Khanal, Zhao & Sauer 2014; MoH 2014; Tunçalp et al. 2017; WHO 2016). Attention 
should be directed to the documentation of TT immunisation across primary health care centres, 
which remained below 45%. This may be because the data is not recorded if no immunisation 
is provided, for instance if a pregnant woman has previously been vaccinated or if her TT 
immunisation is known (MoH 2014; WHO 2016).  
 
Serial ultrasound scanning has been recommended in the national and international ANC 
standards as a means to detect foetal growth abnormalities (MoH 2013c; Papageorghiou et al. 
2014; Papageorghiou et al. 2016b; Papageorghiou et al. 2014; Postoev et al. 2015; WHO 2016). 
However, the fields to record such measurements do not exist in the manual pregnancy register 
(Table 12). Although the findings from this study indicate that the ultrasound method is often 
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not accessible for ANC services in Indonesian primary health care centres because it requires 
intensive resources (WHO 2016), there are still columns provided in the newly developed 
electronic register to enable a rural midwife who was trained for ultrasound to record the results 
of these examinations.  
 
Information on maternal and foetal complications, which can be derived from risk assessment 
analysis during pregnancy, is vital to improving the quality of ANC service and positive 
pregnancy outcomes (Tunçalp et al. 2017). Midwives are expected to record this information 
based on their integrated analyses of maternal and foetal characteristics (de Bernis et al. 2016; 
MoH 2014). Nevertheless, the amount of recorded information across primary health care 
centres was not sufficient even with an increase after the training (from 0.0% to 6.5%) (Table 
3). These results clearly indicate gaps in undertaking the risk analysis. The gaps are potentially 
due to the fact that midwives are required to record the signs of abnormalities only if they are 
present. The other significant reason is that other screening tools, such as foetal growth charts, 
are currently not available to assist midwives in carrying out systematic risk analysis during 
pregnancy. 
 
Midwives’ perspectives on challenges in successfully completing routine ANC data 
documentation tasks 
 
Most midwives are reported as having complied with the standard ANC examination 
procedures in Indonesia (MoH 2014). However, some of them agreed that the design of the 
existing data recording and reporting formats and the administrative infrastructure need to be 
further improved to support accurate and complete documentation, storage ability and records 
maintenance. This result is similar to findings reported by other researchers (Sibiya, Cele & 
Ngxongo 2015). 
 
The midwives stated that supervision and monitoring of ANC data collection has been initiated 
but is carried out irregularly. They have also been trained for ANC data management yet many 
of them remained unfamiliar with the current electronic applications, such as SIKDA Generic 
and PWS KIA Kartini. Lack of knowledge of these database systems has also been described 
by other researchers (Isnawati, Nugroho & Lazuardi 2016).  
 
The midwives identified several factors that trigger incomplete and delayed ANC data 
recording and reporting tasks. These include high workload, lack of time for routine ANC 
examinations, limited skills and training and lack of awareness about the importance of 
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recording examination results. This is consistent with the findings of Burke et al. (2011) and 
Sibiya, Cele and Ngxongo (2015) who all found similar factors hindering complete and timely 
documentation of the results from the recommended ANC examinations.  
 
The midwives responded positively on the effectiveness of the training and the importance of 
keeping the results of ANC examinations electronically. They also recommended that the 
training should be routinely conducted for other midwives so that they too would have an equal 
chance to update their knowledge and improve their capabilities in the timely recording and 
reporting of ANC data from local to provincial and national levels. Ongoing education (for 
raising awareness) and training might then be an integral part of investment programs in 
midwives to further reduce maternal and neonatal mortality (Achadi & Jones 2014; Van 
Lerberghe et al. 2014). 
  
 52  
3.2 The impact of scientific and technical training on improving database adequacy for 
foetal growth chart development in settings with limited resources: a case study in 
the province of South Kalimantan, Indonesia 
 
3.2.1 Introduction 
 
Foetal growth assessment during antenatal care (ANC) is fundamental in preventing potentially 
adverse pregnancy outcomes. It has been well documented that one of the main objectives of 
ANC services is to detect the risk of growth abnormalities (Gardosi et al. 2018; Papageorghiou, 
ATOhuma, et al. 2016). The information can facilitate timely evidence-based interventions and 
ensure safe pregnancy outcomes (Gardosi 2012; Gardosi et al. 2018; Tunçalp et al. 2017; WHO 
2016). 
 
Access to, adequate use of and systematic analysis of foetal growth information is crucial for 
monitoring, detecting and assessing risks linked to neonatal mortality. The access to reliable, 
complete and timely information on pregnancy-related outcomes and interventions remains 
challenging in Indonesia and this leads to non-evidence-based decisions for program planning 
and allocating resources (National Research Council 2013; Hull 2015). 
 
Access to the results of foetal growth assessment during routine ANC examinations is essential 
(Achadi & Jones 2014; Gardosi 2011; Gardosi et al. 2018; MoH 2014). The assessment can be 
carried out through foetal weight estimation since there is a significant association between 
birth weight and foetal growth (Gardosi 2012; Kiserud et al. 2017). This surveillance tool can 
provide sufficient and effective information for early recognition of growth disturbances, 
enabling informed planning, decision making and monitoring policy progress to end 
preventable neonatal mortality (Blencowe et al. 2013; Gardosi 2011; Gardosi et al. 2018; Lawn 
et al. 2016; WHO 2008). 
 
Improvement of the data availability, consistency and quality has become one of the world’s 
priority actions in increasing life survival and reducing the burden of care costs for life-
threatening situations and disability for newborns (Blencowe et al. 2013; de Bernis et al. 2016; 
Heazell et al. 2016; Moxon et al. 2015). Data improvement will not independently save the lives 
of both mother and newborn (Lawn et al. 2016). However, if the key performance indicators 
(KPIs) for foetal growth assessment are consistently monitored and recorded during pregnancy, 
possible complications and abnormalities can be detected and dealt with in a timely manner 
(Blencowe et al. 2013; de Bernis et al. 2016; Heazell et al. 2016; Lawn et al. 2016; Moxon et 
al. 2015). 
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Access to national and local data on individual maternal, foetal and neonatal health information 
during ANC remains insufficient, particularly in developing countries. In Indonesia, the 
difficulty in collecting the data hampers the development of both standard foetal and newborn 
growth charts (Alisyahbana et al. 1994). Unrecorded, incomplete or unavailable data on the 
results of ANC examinations also becomes the primary cause of non-evidence-based 
interventions for preventable factors associated with maternal and neonatal mortality (Gardosi 
2011, 2012; Kerber et al. 2015; Moxon et al. 2015). It is reported that midwives’ ability to 
record ANC examination results is low: hospital (20% of expected data available) and public 
health centres (PHCs) (42.5%) (Achadi & Jones 2014). 
 
The aim of this study was to assess the impact of scientific and technical training on midwives’ 
abilities to document the minimum data required for foetal weight estimation and development 
of a foetal growth chart. 
 
3.2.2 Method 
Research design, settings and participants  
This research is the continuation of the previous section, and the details have been provided in 
Section 3.1.2. The primary aim was to study retrospectively and prospectively the processes of 
ANC services in Indonesian primary health care centres, particularly in documenting the routine 
maternal, foetal and neonatal data that are required for foetal weight estimation and 
development of a foetal growth chart.  
 
A descriptive design using quantitative methods was used to achieve the research aim. The 
midwives’ abilities to collect and record the minimum data required for foetal weight estimation 
(Johnson, R & Toshach 1954; Johnson, RW 1957) and for the development of the foetal growth 
chart (Gardosi 2014; Gardosi et al. 1992; Gardosi et al. 2014; Gardosi et al. 1995) (Table 16), 
were compared before and after training (Anggraini et al. 2018, 2019). This initiative was also 
meant to improve the availability, quantity, quality and use of local data to improve antenatal 
risk detection (Gardosi 2012). The same information can also inform administrative and 
scientific guidelines for effective expansion and distribution of limited government resources 
in rural areas to end preventable mortality. 
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The research instrument and data collection 
This study used the foetal growth assessment tools listed in the first column of Table 16. The 
objective of this tabulation is to stratify maternal and foetal measurements that are routinely 
undertaken during ANC. The second column represents the recommended minimum databases 
for each foetal growth assessment category. In the third column, unrecorded characteristics of 
the minimum databases recommended for foetal growth surveillance are given. In the newly 
developed electronic register, new columns to record these characteristics were created. This 
study proposes that these characteristics should also be included in the current ANC data 
recording and reporting systems in Indonesia. The details of the research instrument and data 
collection procedures have been outlined in the previous section (Section 3.1.2). 
 
Statistical analyses 
Descriptive statistics were used to assess the performance of routine ANC data collection, 
particularly in documenting the KPIs of foetal growth assessment (Table 16). These include 
percentages of available records containing the identified characteristics and a two-sample t-
test to compare the performance of the data documentation process before and after training. 
Data management and analyses were performed using Microsoft Excel 2010 and Minitab 17. 
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Table 16 Minimum data requirements for assessing foetal growth 
Foetal growth 
assessment tools 
Minimum data requirements Missing data 
Foetal weight 
estimation 
Gestational age (GA), foetal station/descent level 
(FS), fundal height (FH) and foetal weight 
estimation. 
None 
Foetal growth 
chart development 
 
Main data items: 
 
GA (days not in rounded weeks) at birth based on: 
last menstrual period (LMP) and ultrasound 
(preferable), newborn gender, birth weight, 
pregnancy outcome (survival status of newborn), 
maternal weight (recorded at booking/in early 
pregnancy), maternal height, parity (recorded at 
booking and not including current pregnancy), 
ethnicity and smoking. 
 
Optional data items: 
 
LMP, estimated date of delivery (EDD), delivery 
date, maternal age, country of birth, pre-existing 
diabetes, gestational diabetes, pre-existing 
hypertension, pregnancy-induced hypertension and 
other recorded pathological factors (e.g. social 
deprivation, asthma, anaemia, substance misuse, 
history of small for GA, stillbirth and miscarriage or 
preterm birth).  
Main data items: 
 
GA (days not in rounded weeks) at 
birth based on ultrasound 
(preferable), ethnicity and 
smoking. 
 
 
 
 
 
 
 
Optional data items: 
 
Country of birth, pre-existing 
diabetes, gestational diabetes, pre-
existing hypertension, pregnancy-
induced hypertension and other 
recorded pathological factors (e.g. 
social deprivation, asthma, 
anaemia, substance misuse, 
history of small for GA, stillbirth 
and miscarriage or preterm birth).  
Source: Gardosi (2014); Gardosi et al. (1992); Gardosi et al. (2014); Gardosi et al. (1995); Johnson & Toshach 
(1954); Johnson (1957) 
 
 
3.2.3 Results 
The results discussed below are based on information obtained from the participating midwives, 
who had an average age of 41 years (range between 29 and 56 years) and the average working 
experience of 19 years (range between 6 and 36 years). Further details on participants’ 
characteristics are provided in the previous section above (Section 3.1.3). 
 
The impact of scientific and technical training on improving routine data collection of the 
KPIs of foetal growth assessment 
 
Scientific and technical training has significantly improved the average amount of recorded 
ANC data on the KPIs of foetal growth assessment suggested in Table 16 across all primary 
health care providers. A two-sample t-test shows an overall increase in data recorded from 33.4 
to 89.1% (p-value <0.0005) (Table 17). The average amount of recorded maternal and foetal 
information used to estimate foetal weight and develop foetal growth charts has been improved 
although some of these improvements were not statistically significant. 
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Table 17 KPIs for foetal growth assessment recorded before and after training 
Key 
performance 
indicators 
(KPIs) 
Mean percentage of 
records Mean difference 
(before training - 
after training) 
T-value 
P-value 
(2-tailed) 
95% Confidence 
interval of the 
difference 
Before 
training 
After 
training  
Lower 
bound 
Upper 
bound 
Foetal weight 
estimation 
  
     
Gestational age 
(GA)  
81.4 91.9 
-10.5 -0.9 0.379 -37.6 16.6 
Fundal height 
(FH) 
37.1 58.5 
-21.4 -1.2 0.304 -73.4 30.5 
Foetal weight 
estimation 
13.8 45.4 
-31.6 -2.1 0.084 -68.9 5.7 
Foetal 
station/descent 
level (FS) 
19.6 54.9 
-35.3 -2.5 0.050* -70.5 -0.0 
Foetal growth 
chart 
development 
  
     
Maternal age 91.5 100.0 -8. 5 -1.3 0.274 -28.7 11.7 
Ethnicity/country 
of birth 
0.0 41.3 
-41.3 -2.0 0.097 -92.7 10.1 
Pre-pregnancy 
weight 
15.6 99.5 
-83.9 -8.3 0.004* -115.9 -51.9 
Pre-pregnancy 
height 
13.9 99.5 
-85.5 -11.5 0.001* -103.8 -67.3 
Parity 80.4 100.0 -19.7 -2. 9 0.064 -41.4 2.1 
Number of 
abortions 
69.2 100.0 
-30.8 -3.0 0.057 -63.3 1.8 
Number of 
stillbirths 
0.0 100.0 
N/A# 
N/A# N/A# N/A# N/A# 
Number of 
premature births 
0.0 100.0 
N/A# 
N/A# N/A# N/A# N/A# 
The last menstrual 
period (LMP) 
42.6 100.0 
-57.5 -5.5 0.012* -90.5 -24.4 
The estimated 
delivery date 
(EDD) 
45.4 100.0 
-54.6 -6.4 0.008* -81.6 -27.6 
Gestational age 
(GA) at delivery 
22.5 100.0 
-77. 5 -11.1 0.002* -99.7 -55.3 
Neonatal delivery 
date 
38.9 97.6 
-58.7 -5.3 0.002* -85.9 -31.5 
Newborn gender 16.6 97.7 -81.2 -7.8 0.004* -113.6 -48.8 
Birth weight 41.0 94.8 -53.8 -6.1 0.001* -75.1 -32.5 
Pregnancy 
outcomes 
(maternal survival 
status) 
23.2 100.0 
-76.9 -8.5 0.003* -105.7 -48.0 
Pregnancy 
outcomes 
(neonatal survival 
status) 
14.5 100.0 
-85.5 -11.3 0.001* -104.1 -67.0 
Overall average 33.4 89.1 -55.7 -12.8 0.001* -64.3 -47.1 
 *The p-value < 0.05 indicates a significant difference 
        #N/A means not applicable since the standard deviations of both groups are 0 
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Improvement of database adequacy for foetal weight estimation 
In Indonesia, the Johnson-Toshach model (Johnson 1957) is nationally recognised and 
deployed to estimate foetal weight. This model incorporates maternal fundal height (FH) and 
foetal station/descent level (FS). In this section, the focus is not on the accuracy of the formula, 
as that has been evaluated and discussed in a previous study (Anggraini, Abdollahian & Marion 
2018), but on how well the information of FH and FS was recorded on the manual and electronic 
pregnancy registers. Figure 7(a) describes the the availability of this data before training 
(retrospective data) and Figure 7(b) after training (prospective data).  
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(a) Before training 
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(b) After training 
Figure 7 Data available for foetal weight estimation 
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Before training, midwives were not aware of the importance of recording FH and this is clearly indicated in Figure 7(a), particularly for the PHC midwives 
(0-16.5%). Likewise there were low levels of records for FS across all primary health care facilities (0-54.2%). The low quality of data documentation 
of these important maternal and foetal characteristics hindered foetal weight estimation based on the current formula (PHCs, 0-4.4%; IMPs, 0.0-50.6%) 
thus precluding an intervention plan for safe delivery. However, after training, the responsiveness to documenting this data was significantly improved 
(Figure 7(b)), particularly among the PHC midwives: FH (62.2-65.8%) and FS (50.0-58.7%). The improvements in the data for these characteristics 
promoted an improvement of midwives’ competencies in estimating foetal weight and recording the results (33.5-57.3%). Although there was a slight 
reduction in the number of FH records among the IMPs, this was compensated for by the improved records for FS and foetal weight estimation (40.2-
70.8% and 26.8-63.9%, respectively). 
  
(a) before training (retrospective data, n = 195) (b) after training (prospective data, n = 402) 
Figure 8 FH and GA data available for foetal weight estimation  
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Figure 8(a) clearly shows that before training, i.e. based on the retrospective cohort study, the reliability of the recorded FH measurements during different 
gestational ages (GAs) was low. The correlation between FH and GA was recorded by r = 0.616 (p-value < 0.0005). However, after training, the 
responsiveness to FH data documentation was significantly improved (Figure 8(b)) with r = 0.851 (p-value < 0.0005). Consequently the patterns of FH 
at recognised critical periods of pregnancy (between 13 and 40 weeks) can now be shown in Figure 9. 
  
(a) 13 – 42 weeks (n = 402) (b) 20  -  40 weeks (n = 402) 
  
(c) 20 - 35 weeks (n = 399) (d) 24 - 40 weeks (n = 401) 
Figure 9 Fundal height growth  
42383328231 81 3
40
35
30
25
20
1 5
1 0
Gestational age (weeks)
F
u
n
d
a
l 
h
e
ig
h
t 
(c
m
)
4035302520
40
35
30
25
20
1 5
1 0
Gestational age (weeks)
F
u
n
d
a
l 
h
e
ig
h
t 
(c
m
)
353229262320
35
30
25
20
1 5
1 0
Gestational age (weeks)
F
u
n
d
a
l 
h
e
ig
h
t 
(c
m
)
403836343230282624
40
35
30
25
20
1 5
1 0
Gestational age (weeks)
F
u
n
d
a
l 
h
e
ig
h
t 
(c
m
)
 62  
Improvement of database adequacy for foetal growth chart development  
 
Gardosi et al. (2014) recommended essential and optional databases to develop an individual foetal growth chart based on optimal weight at a given GA. 
Figure 10 and Figure 11 present the performance of the manual (before training) and electronic (after training) pregnancy registers with respect to these 
recommended databases. 
  
 
(a) before training (retrospective data) (b) after training (prospective data) 
Figure 10 Required data available for constructing individual foetal growth chart   
 63  
Figure 10(a) and Figure 10(b) indicate that overall there was significant improvement in the ability of midwives to collect and record the main 
recommended characteristics needed to develop an individual foetal growth chart. Specifically, information on pregnancy outcomes, birth weight, 
neonatal gender and GA at birth based on last menstrual period (LMP) (from 0.0-64.2% to 95.7-100.0%) is important. This was followed by improved 
records on maternal body mass index (BMI), height, weight and parity (from 5.2-96.4% to 71.7-100%). There was no space to document ethnicity in the 
manual register, but it was recommended on the electronic version (from 0.0% to 32.3-100%), except for urban PHCs. There was no information on GA 
(based on ultrasound) or on smoking habits recorded in either register. 
  
(a) before training (retrospective data) (b) after training (prospective data) 
Figure 11 Optional data available for constructing individual foetal growth chart  
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As with the main database performance, there was significant improvement in midwives’ 
competencies across primary health care facilities in documenting the optional databases for 
individual foetal growth chart development (Figure 11(a) and Figure 11(b)). This was 
particularly so for data relating to neonatal delivery date, estimated delivery date (EDD) and 
LMP (from 19.1- 73.4% to 90.3-100%). There was no individual space to document 
information on pathological factors, pregnancy-induced hypertension, pre-existing 
hypertension, gestational diabetes, pre-existing diabetes and country of birth in either register. 
 
3.2.4 Discussion 
Improvement of database adequacy for foetal weight estimation 
The awareness by Indonesian midwives, particularly in rural areas, of the importance of 
documenting FH and FS at a given GA to estimate foetal weight using the current formula has 
significantly improved after the training (from 0-16.5% to 62.2-65.8% and from 0-24.2% to 
50.0-58.7%, respectively). However, the data was still recorded less than 70% of the time. A 
similar trend of low recording of FH (range 36-76%) was found in rural Australia (Rumbold et 
al. 2011). 
 
Although many factors influence the well-being of the foetus, FH remains one of the most 
recommended and accessible predictors for estimating foetal weight and monitoring foetal 
growth during pregnancy (Anggraini, Abdollahian & Marion 2018; Morse, Williams & Gardosi 
2009; Papageorghiou et al. 2016; Parvin et al. 2013; Robert et al. 2015; Siswosudarmo & 
Titisari 2014; Titisari & Siswosudarmo 2013; White et al. 2012). Therefore having reliable 
records of FH measurement results is important to improve foetal risk assessment during 
pregnancy. 
 
The training has significantly improved the reliability of FH measurement records at different 
GAs (Figure 8 and Figure 9) (Anggraini et al. 2018, 2019). Based on the correlation analysis, 
the relationship between FH and GA is almost significantly linear. This finding is consistent 
with those of  Papageorghiou et al. (2016) who found a linear association between FH and GA. 
When the information of LMP is unreliable and ultrasound records are not accessible, FH can 
potentially be used as an alternative to estimate GA, which is one of the essential measures to 
identify preterm birth and low birth weight (LBW) (Blencowe et al. 2013). Therefore, analysis 
of FH records can help midwives  improve the quality of maternal and newborn care (MoH 
2014; ten Hoope-Bender et al. 2014). 
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Improvement of database adequacy for foetal growth chart development 
Before training, access to the recommended minimum databases needed to develop individual 
foetal growth charts based on local data in Indonesia was generally inadequate. These database 
gaps hampered development of a chart for Indonesia. No such chart is currently available in the 
maternal and child health (MCH) booklet (MoH 2016a; Nellhaus 1968; Onis 2006). One of the 
objectives of this research project is to develop a national foetal growth chart. However, the 
task requires access to a larger set of prospective data. 
 
It is possible to adopt  the international standard for foetal and newborn growth references and 
these can be adjusted against the individual characteristics of a pregnant woman or for the local 
population (Gardosi 2011, 2012; Gardosi et al. 2018; Papageorghiou et al. 2014; Papageorghiou 
et al. 2016; Villar et al. 2014). However, national and geographically specific foetal growth 
charts are highly recommended (Deeluea et al. 2013; Kiserud et al. 2017). Recent studies have 
shown that a foetal growth chart based on the Indonesian population rather than on reference 
curves imported from elsewhere, can be created using the generic global reference tool for 
foetal weight and birth weight percentiles developed by Mikolajczyk, et al. (Fattah et al. 2016; 
Mikolajczyk et al. 2011). This approach was based on the notion of proportionality and can be 
simply applied in any local population by adjusting the mean birth weight at 40 weeks of GA 
(Fattah et al. 2016; Gardosi et al. 1995). 
 
The global reference currently used in Indonesia has deployed a foetal weight estimation 
formula based on ultrasound measurements (Fattah et al. 2016; Hadlock, FP, Harrist & 
Martinez-Poyer 1991). However ultrasound measurements are not always accessible for the 
local population, particularly in rural areas (Anggraini et al. 2018, 2019). Furthermore, a growth 
chart based on an ultrasound-based foetal weight estimation formula should be used cautiously 
as maternity populations in different countries are not uniform and this may impact the 
optimality of foetal growth and size (Gardosi 2011). 
 
The provision of a foetal growth chart during pregnancy is important to assess the viability of 
the foetus at different stages of pregnancy and to ensure neonatal survival and well-being. The 
chart can be an effective screening tool to assist midwives in analysing and detecting the risks 
of foetal growth abnormalities such as prematurity and LBW so that preventive actions and 
referrals can be initiated appropriately and at the right time. 
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To the best of our knowledge, the scientific and technical training given has, for the first time, 
equipped urban and rural Indonesian midwives with updated scientific knowledge and 
technology skills for assessing foetal growth during pregnancy. The training has also increased 
the midwives’ awareness of the importance of timely documentation in the current manual 
pregnancy registers of key data on the characteristics of mother and foetus (Anggraini et al. 
2018, 2019). This is one of the key elements that can improve the skills of midwives in 
performing foetal weight estimation by the clinical method with less error (Kesrouani et al. 
2017). 
 
3.3 Summary 
This chapter has addressed the first and second research questions. An electronic pregnancy 
register has been developed and introduced to midwives through scientific and technical 
training. This electronic pregnancy register can be used as an effective and simple standard data 
recording and reporting system that provides more reliable and timely maternal, foetal and 
neonatal information during three different stages of pregnancy and delivery when compared 
to the current manual system. The impact of the training on improving the midwives’ ability to 
collect routine ANC data in settings with limited resources for maternal and foetal risk 
assessment and for developing a foetal growth chart has been assessed.  
 
The results show that the training has significantly improved the average amount of recorded 
ANC data on the KPIs for risk assessment and the data used for developing a foetal growth 
chart. The training has equipped midwives with scientific knowledge and the technical abilities 
to electronically record maternal, foetal and neonatal health information during pregnancy and 
delivery. Provision and adequate use of this information during different stages of pregnancy 
enables foetal weight estimation and promotes the development of a foetal growth chart that is 
currently not generally available in Indonesian ANC practices, particularly in rural areas 
without ultrasound. The foetal growth chart is an effective surveillance tool that can assist 
midwives in capturing, reviewing and assessing foetal risk factors to end preventable mortality. 
 
Strong commitment and consistent education/training coupled with routine supervision of data 
documentation and records maintenance can significantly improve midwives’ competencies to 
report the results of ANC examinations in a timely manner. This will lead to improvement in 
the quality and quantity of routine collection of ANC data, and promote a reliable and 
transparent local data recording and reporting system as baseline information for the vital task 
of data transformation. In this way the national health information system will be strengthened 
 67 
 
and made more reliable so that it can be used for evidence-based decisions when targeting 
appropriate resource planning and allocations, interventions and referrals. The ultimate aim is 
to end preventable maternal and neonatal mortality. 
 
The next chapter, Chapter 4, outlines the current models based on maternal and foetal 
characteristics that are widely used in Indonesia for estimating birth weight during the three 
stages of pregnancy. New simpler, more accurate models to estimate foetal weight that can 
easily be implemented in rural Indonesian primary health care centres will be developed. 
Finally, the new and existing models will be validated using both retrospective and prospective 
datasets. 
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Chapter 4 Foetal weight prediction models for settings with 
limited resources 
 
 
An estimate of birth weight is vital to statistically control and detect the risks of having an 
adverse delivery weight as early as possible. An accurate estimate of delivery weight can assist 
medical practitioners in making appropriate clinical decisions prior to delivery (Goto 2011; 
Titisari & Siswosudarmo 2013). The aim is to reduce the risk of serious illness, such as heart 
disease and stroke, for the neonates during their adult life (Sari & Sudiarti 2013). 
 
Sufficient, accessible and reliable information during pregnancy on foetal characteristics that 
influence birth weight are required to develop better prediction models. According to World 
Health Organisation (WHO (2011), complete and accurate vital health statistics are the 
preferred data source for estimating the neonatal mortality rate (NMR). These would then assist 
the health community in making policy and allocating resources to reduce the mortality rate. 
However, reliable estimates for prematurity [involving low birth weight (LBW), small for 
gestational age (GA) and preterm birth] in Indonesia are not available (Sebayang et al. 2012). 
 
In estimating birth weight, identification and accessible records on the most relevant 
characteristics of the mother are also fundamentally important. WHO (1997) suggested 
maternal anthropometric measurements, i.e. the measurement of physical attributes, should be 
taken into account in developing countries for LBW prediction (Honest et al. 2005; Kelly et al. 
1997). Despite the fact that a recent study conducted by Goto (2015b) does not support their 
use for predicting LBW predictability, anthropometric measurements are the most applicable, 
accessible and affordable method to assess maternal health status during the stages of pregnancy 
(Kelly et al. 1997). 
 
This chapter aims to address the third and fourth research questions. First, it will review the 
current models (based on maternal and foetal characteristics) widely used, particularly in 
Indonesia, during the three stages of pregnancy for estimating birth weight (Sections 4.1 and 
4.2). Then new, simpler, more accurate models to estimate foetal weight that can be easily 
implemented in rural Indonesian primary health care centres will be developed (Section 4.3). 
Finally, the newly developed and existing models will all be validated using both retrospective 
and prospective datasets (Section 4.3). There is discussion and summary at the end of each 
section to highlight the results of the investigations on each research question.  
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4.1 Review of birth weight prediction models in Indonesia 
 
4.1.1 Introduction 
Delivery weight is one of the most important measurements that may impact on infants’ life 
survival and well-being. Having a prediction model to predict delivery weight accurately can 
be extremely beneficial for medical practitioners looking to prevent the risk of adverse delivery 
outcomes (Ravelli et al. 2014). It is also an effective tool to assist them in making evidence-
based decisions on what clinical interventions are appropriate and when these should be 
implemented. 
 
A wide range of qualitative and quantitative regression models have been developed to 
predict delivery weight (Abdollahian 2013; Abdollahian et al. 2012; Abdollahian & 
Gunaratne 2015; Abdollahian, Nuryani & Anggraini 2013; Adisasmita et al. 2015; Goto 
2011, 2015a, 2015b; Hidayangsih et al. 2014; Putra 2012; Sari & Sudiarti 2013; Sebayang et 
al. 2012; Titaley et al. 2008; Titaley, Christiana R, Dibley & Roberts 2010; Titisari & 
Siswosudarmo 2013). However, this study will focus only on statistical models developed in 
the last ten years to predict delivery weight. 
 
4.1.2 Method 
This study started with a literature search for original research articles published in the last ten 
years on delivery weight prediction models, focusing particularly on prediction for low birth 
weight (LBW) in Indonesia. The information was retrieved from reputable databases, such as 
Scopus, PubMed, Web of Science, Science Direct, ProQuest, IEEE Xplore, and Google 
Scholar. The search was guided using relevant keywords, such as “birth weight”, “low birth 
weight”, “prediction models”, “Indonesia”, “systematic review” and their combinations. From 
the chosen literature, the significant characteristics for each model are identified. The efficacy 
of the existing prediction models is then assessed and compared based on their coefficient of 
determination (R2), correlation coefficient (r) and mean prediction error. Finally, there was an 
investigation as to whether measurements of these characteristics might be available in the rural 
settings of Indonesia. 
 
4.1.3 Results 
The systematic search found 7 relevant articles with 10 statistical models for birth weight 
prediction. Five of the models focused on predicting normal delivery weight, whereas the rest 
addressed weight prediction for LBW infants.  
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Prediction models based on both maternal and neonatal characteristics 
The five models listed in Table 18 were developed based on maternal and neonatal data 
available at the time of labour/delivery. 
 
Model 1, as suggested by Abdollahian et al. (2012) for estimating birth weight for LBW babies, 
simulated 1000 births based on the observed mean and standard deviation of 10 LBW deliveries 
recorded in a health centre in Indonesia. This proposed model measured four maternal 
characteristics: age, weight, haemoglobin level measured before and after the consumption of 
vitamin C and iron tablets. It also incorporated one neonatal characteristic: gestation age (GA) 
at delivery time. The model was developed using multivariate linear regression (Table 18). 
 
Abdollahian, Nuryani and Anggraini (2013) recommended two more prediction models for 
delivery weight (for the LBW babies) based on two maternal characteristics: height and body 
mass index (BMI). The model also included three neonatal characteristics measured at delivery 
time: GA, head circumference (HC) and chest circumference (CC). The initial multivariate 
linear regression model, labelled as Model 2, was developed based on the data from the 10 
recorded LBW deliveries out of 199 deliveries (Table 18). An improved model, called the 
proposed model, was developed using 955 multi-normal simulated data based on the mean and 
standard deviation of the observed LBW data in Model 2. This model is labelled as Model 3. 
 
Abdollahian and Gunaratne (2015) further developed two weight prediction models for 
newborns. The first model was formed based on four maternal characteristics: height, 
haemoglobin level measured before and after the consumption of vitamin C and iron tablets, 
and BMI. The model also incorporated four neonatal characteristics measured at delivery time: 
GA, length, HC and CC. The initial multivariate linear regression model (the full model) was 
developed based on the 189 recorded normal delivery weight data and is labelled as Model 4 in 
Table 18. 
 
Model 5 is a further development of the prediction models on delivery weight for LBW babies 
proposed by Abdollahian (2013). This model was developed based on 482 multi-normal 
simulated data based on the mean vector and the covariance matrix of the observed data in 
Model 6 (Table 19). This model considered additional three maternal characteristics: age, 
haemoglobin level measured before and after the consumption of vitamin C and iron tablets. 
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Table 18 Existing prediction models based on both maternal and foetal characteristics 
 
Model 1 
(using 1000 simulated 
LBW data) 
:  BWi = 1.46 – 0.00126 Mage + 0.00299 Mweight + 0.00483 GAdelivery+ 0.263 
Hbbefore – 0.200 Hbafter 
Characteristics used to 
construct the model 
  
Mother : Age, weight, haemoglobin level measured before and after  iron 
tablets  
Foetal : Gestational age (GA) at delivery 
Model 2  
(using 10 actual LBW 
data) 
: BWi/100 = 2.6 + 0.141 GAdelivery + 0.018 Mheight + 0.551 HC + 0.375 CC – 
0.494 MBMI 
Characteristics used to 
construct the model 
  
Mother : Height and body mass index (BMI) 
Foetal : GA at delivery, head circumference (HC) and chest circumference 
(CC) 
Model 3  
(using 955 multi-normal 
simulated LBW data) 
: BWi/100 = 5.14 + 0.183 GAdelivery - 0.0268 Mheight + 0.345 HC + 0.424 CC 
– 0.401 MBMI 
Characteristics used to 
construct the model 
  
Mother : Height and BMI 
Foetal : GA at delivery, HC and CC 
 
Model 4 
(using 189 actual normal 
delivery data) 
: BWith delivery = -6406 + 43.5 GAdelivery + 40 Blength + 88.9 HC + 20.8 CC + 
10.6 Mheight + 43.1 Hbbefore + 0.57 Hbafter + 5.1 BBMI 
Characteristics used to 
construct the model 
  
Mother : Height, haemoglobin level measured before and after  iron 
tablets and BMI 
Foetal : GA at delivery, length, HC, and CC 
Model 5 
(using 482 multi-normal 
simulated LBW data) 
:      BWi (kg) * 10 = 28.3 – 0.240 MBMI + 0.0133 Mage – 0.0307 GAdelivery + 1.05 
Hbbefore – 0.839 Hbafter.  
Characteristics used to 
construct the model 
  
Mother : Pre-pregnancy BMI, age, haemoglobin level measured before 
and after  consumption of vitamin C and iron tablets  
Foetal : GA 
 
 
Prediction models based on maternal characteristics only 
The literature study also found the four models listed in Table 19 that were constructed based 
only on maternal characteristics. 
 
Model 6 was developed by Abdollahian (2013) as a prediction model of birth weight for the 
LBW babies based on 11 actual LBW observed data and considered only one maternal 
characteristic: pre-pregnancy BMI. A simple linear regression model was performed as seen in 
Table 19. 
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Similarly, a study conducted by Titisari and Siswosudarmo (2013) suggested a simple linear 
regression model to predict foetal weight. Instead of using pre-pregnancy BMI, this study used 
fundal height (FH) measurement in full-term pregnancy as a maternal characteristic (Model 7, 
Table 19).  
 
On the other hand, Sari and Sudiarti (2013) proposed a prediction model for birth weight based 
on pregnancy weight gain during pregnancy. This study investigated the correlation between 
pre-pregnancy weight, first trimester weight gain, second trimester weight gain, third trimester 
weight gain and birth weight. Using correlation analysis and multiple linear regressions, the 
strength and the relationship between the independent variables and birth weight was 
determined. The model is labelled as Model 8 (Table 19). 
 
Budiman, Pramono and Dewantiningrum (2013) developed a prediction model for delivery 
weight based on maternal age and weight. Using the cross-sectional with analytical approach 
(correlation and multiple linear regressions), the data were analysed and modelled (Model 9, 
Table 19). 
 
Table 19 Existing prediction models based on maternal characteristics only 
Model 6 : BWi (kg) * 10 = 32.7 – 0.377 MBMI  
Characteristics used to 
construct the model 
  
Mother : Pre-pregnancy BMI 
Foetal : - 
Model 7 : EFW (g) = 126.7 X – 931.5 
Characteristics used to 
construct the model 
  
Mother : Fundal height (FH) 
Foetal : - 
Model 8 : BWi (g) = 1,764.133 + 0.023 (pre-pregnancy weight) + 
0.131 (first semester weight gain) + 0.037 (second semester 
weight gain) + 0.037 (third semester weight gain)  
Characteristics used to 
construct the model 
  
Mother : Pre-pregnancy weight, first semester weight gain, second 
semester weight gain and third semester weight gain 
Foetal : - 
Model 9 : BWi (g) = 1,735.42 + 14.07 Mweight + 13.95 Mage  
Characteristics used to 
construct the model 
  
Mother : Weight and age 
Foetal : - 
 
 
 
 
 
 
 74 
 
Prediction models based on neonatal characteristics only 
This systematic study found only one prediction model based solely on foetal characteristics 
(Table 20).  
 
Model 10 is an improved version of Model 4 (Table 18). Since five characteristics, - maternal 
height, haemoglobin before and after taking vitamin C and  iron tablets, BMI and baby’s CC -
were not statistically significant (at α = 1% and 5%), Abdollahian and Gunaratne (2015) 
proposed Model 10 as a reduced regression of Model 4. The model involves only three 
neonatal characterist ics at delivery t ime: GA, length and HC (Table 20). 
 
Table 20 Existing prediction models based on neonatal characteristics only 
 
Model 10 : BWi (g) = -4,140 + 41.8 GAdelivery + 43.5 Blength + 107 HC 
Characteristics used to 
construct the model 
  
Mother : - 
Foetal : GA at delivery, length and HC 
 
 
Accuracy assessment of the existing prediction models  
Having identified the significant characteristics for each model, the efficacy of the existing 
prediction models was assessed and compared using the coefficient of determination (R2), 
correlation coefficient (r) and mean prediction error. The results are listed in Table 21. 
Table 21 Efficacy of the existing prediction models 
 
Proposed 
models 
 
Independent variables 
 
Delivery weight 
Coefficient of 
determination (R2) 
or coefficient 
correlation (r) 
Mean 
prediction 
error* 
[1] 
4 maternal and 1 
neonatal characteristics 
LBW 
R2 = 64% 
r = 0.8 
3.2 g 
[2] 
2 maternal and 3 
foetal characteristics 
LBW R2 = 72.9% - 
[3] 
2 maternal and 3 
neonatal characteristics 
LBW 
R2 = 65.9% 
r = 0.81 
1 g 
[4] 
4 maternal and 4 
neonatal characteristics 
Normal and low birth weight 
R2 = 62.4% 
r = 0.79 
93.9 g 
[5] 
4 maternal and 1 
neonatal characteristics 
LBW 
R2 = 64% 
r = 0.8 
0.09 g 
[6] 
1 maternal 
characteristics  
LBW R2 = 29.3% - 
[7] 
1 maternal 
characteristics  
Normal birth weight 
- 35 g 
[8] 
Four (4) maternal 
characteristics  
Normal birth weight R2 = 59.4% 
r  = 0.77  
159.8 g 
[9] 
2 maternal 
characteristics  
Normal birth weight R2 = 26.3%  
[10] 3 neonatal characteristics Normal and low birth weight 
R2 = 59.4% 
r  = 0.77 
159.8 g 
               *The difference between estimated and actual delivery birth weights 
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Model 1 shows that birth weight (for LBW babies) can be predicted using both maternal and 
neonatal characteristics. Since the correlation coefficient was 0.8 and the mean prediction error 
was 3.2 g (Table 21), it is therefore concluded that the proposed multivariate linear regression 
model is capable of accurately predicting the weight for LBW babies. 
 
Model 2 shows that 72.9% of variation in the weight of LBW babies can be explained by the 
combination of maternal characteristics (height and BMI) and neonatal characteristics (GA, HC 
and CC) (Table 21). On the other hand, Model 3 indicated that 65.9% of variation in the weight 
of LBW babies can be explained by these same characteristics with the correlation coefficient 
r = 0.8 and the mean prediction error = 1 g. Therefore, it is concluded that two maternal 
characteristics and three neonatal characteristics are enough to provide a reliable prediction of 
delivery weight for LBW babies. 
 
Model 4 confirms that 62.4% of the delivery weight variation for newborns can be explained 
by its eight predictors (Table 18 and Table 21). However, five of these characteristics (all four 
maternal characteristics and one neonatal characteristic, CC) were not statistically significant 
at α = 1% and 5%. Therefore, Model 10 was further proposed as a reduced regression of 
Model 4. As Table 21 shows, the reduced model based on the top three most significant 
characteristics of the newborn explains 59.4% of the delivery weight variation. The 
correlat ion coefficient , r = 0.77, confirms that the reduced model can provide a 
reliable weight predict ion for the normal delivery weight.  
 
Since both Models 4 and 10 can reliably predict normal delivery weight, the models 
were employed to estimate the delivery weight for the LBW babies as recorded by the clinic. 
The results show that the correlat ion coefficient for the full and reduced models was 
comparable (0.79 and 0.77, respectively) (Table 21). Therefore the proposed reduced model 
based on only 3 neonatal predictors is almost as good as the more complicated full model with 
4 maternal and 4 neonatal predictors.  
 
Model 6 based only on pre-pregnancy BMI explains 29.3% of the variation in the weight of 
LBW babies. Model 5, however, was developed to improve the value of R2 in Model 6. The 
correlation coefficient, r =  0.8, indicates that this model is a more reliable model than Model 6 
for predicting the weight of LBW babies. The efficacy of the proposed Model 5 has been 
assessed through the mean prediction error of 0.09 g which shows that the model produced less 
prediction error than Model 6.  
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Model 7, known as the Risanto formula, was developed by Siswosudarmo (1995) to estimate 
the infant birth weight based on maternal fundal height (FH) measurement. He used a cross 
sectional study conducted at Dr Sardjito Hospital and 16 affiliated hospitals in the Province of 
Yogyakarta, Central Jawa. A total of 560 maternal FH measurements were used in this study. 
The result shows that the difference between estimated and actual birth weight (ABW) using 
his formula was smaller (35 g) (Table 21) than the existing clinical model (the Johnson-Toshach 
formula) (115 g).  
 
Model 8 shows that the delivery weight can be estimated based on maternal weight gain from 
the start of pregnancy or pre-pregnancy to the third semester of pregnancy.  The coefficient  
of determinat ion, R2, presented in Table 21 suggests that 59.4% of the weight  
variat ion can be explained based on these three characteristics that can be easily measured in 
any rural clinic. Model 9 confirms that 26.3% of the variat ion in birth weight can be 
explained using maternal weight and age.  
 
4.1.4 Discussion 
Delivery weight is one of the most significant indicators of the newborn’s life expectancy and 
well-being. Together with the knowledge of GA, birth weight can be used to predict the quality 
of health and the survival chances of newborns (Sebayang et al. 2012). The results presented in 
this chapter shows that all existing models, except Model 10, have used maternal 
anthropometric measurements such as weight (Models 1 and 9), haemoglobin level (Models 1, 
4 and 5), height (Models 2, 3 and 4), pre-pregnancy BMI (Models 2, 3, 4, 5 and 6), FH (Model 
7), pre-pregnancy weight and weight gain every trimester of pregnancy (Model 8) to develop 
their prediction models. These factors are significantly associated with normal and LBW. The 
results are consistent with the statement that “anthropometric measurements can potentially 
indicate the risks of adverse foetal and maternal outcomes, such as LBW and pre-eclampsia” 
(Kelly et al. 1997). 
 
The results indicated that biometric measurements of the foetus are also important and should 
be measured from the start of pregnancy to delivery time. The clinical context of the foetus is 
one of the significant indicators to be considered when making predicting birth weight 
(Verstraete et al. 2015). The Intergrowth 21st Project has produced international standards of 
four basic measures of foetal biometrics based on ultrasound: head circumference (HC), 
biparietal diameter (BPD), abdominal circumference (AC) and femur length (FL) 
(Papageorghiou, A et al. 2013). The aim of the Intergrowth process is to assess the well-being 
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of the foetus. However, the utilisation of ultrasound is difficult in developing countries, 
particularly in rural areas.  
 
In this research neonatal characteristics such as GA (Models 1, 2, 3, 4, 5 and 10), HC (Models 
2, 3, 4 and 10), CC (Models 2, 3 and 4) and birth length (Models 4 and 10) were measured at 
delivery time. Currently in developing countries, CC is the best anthropometric indicator of 
LBW among newborns (Goto 2011). 
 
The lack of knowledge globally on antenatal measurements and prediction models for birth 
weight, particularly LBW, has hindered clinicians from accurately identifying and measuring 
the significant factors that contribute to LBW (Ravelli et al. 2014). This leads to delay in 
delivering immediate and proper care to pregnant women and their foetus. The measurements 
of the characteristics involved in the prediction models should be recorded and be accessible 
during ANC in Indonesia. These tasks are part of the standard operational procedures for ANC 
proposed by the Ministry of Health of the Republic of Indonesia (MoH 2013c). However, the 
completeness, quality and quantity of ANC data should be further improved, particularly in 
rural areas. 
 
4.1.5 Summary 
This study has used several databases to review the models for predicting delivery weight, 
particularly LBW, that have been developed based on Indonesian data over the last ten years.  
These prediction models are currently only applicable at delivery time due to the lack of 
complete and reliable data related to mother and particularly to the foetus during pregnancy. 
The use of advanced technology, such as ultrasound, provides the Intergrowth measurements 
of a foetus, but this is difficult to utilise in rural Indonesia where health resources are limited. 
Alternatively, models based only on the anthropometric measurements of the mother can be the 
most applicable, accessible and affordable methods to estimate birth weight in the country. 
Some of these measurements have been applied in the existing prediction models. However, 
further investigation is necessary to accurately identify and measure the most significant factors 
that contribute to the delivery weight of LBW infants. This would assist medical practitioners 
to detect abnormalities at an earlier stage of pregnancy and reduce the delay in providing the 
required interventions prior to delivery. In this way the quality of care given to pregnant women 
and foetus through ANC services could be improved.  
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4.2 Accuracy assessment of foetal prediction models based on maternal fundal height 
 
4.2.1 Introduction 
A reliable delivery weight prediction, made between 20 and 35 weeks, is critical for intervention 
for safe delivery (Belete & Gaym 2008). Clinical approaches, from simple to advanced, together 
with scientific modelling techniques have been developed to predict foetal weight prior to 
delivery. In most developed countries, the use of diagnostic ultrasound, the utilisation of high 
frequency sound waves to create a grey scale image for interpretation, to monitor foetal growth 
characteristics is common (Campbell & Wilkin 1975; Dudley 2005; Hadlock et al. 1984; 
Spinnato, Allen & Mendenhall 1988). Unfortunately, this is not the case in most developing 
countries where the provision of health resources and training for ultrasound is limited. There 
the abdominal palpation method and fundal height (FH) measurement remain the most 
applicable clinical alternatives for assessing foetal growth (Buchmann & Tlale 2009; Gayatri 
& Afiyanti 2006; Mongelli & Gardosi 2004; Parvin et al. 2013; Titisari & Siswosudarmo 2013). 
According to Banerjee, Mittal and Kumar (2004) FH measurement is more objective than 
abdominal palpation. 
 
A considerable amount of literature has been published comparing predicted delivery weights 
based on clinical and ultrasound measurements (Anggraini, Abdollahian & Marion 2018; 
Banerjee, Mittal & Kumar 2004; Khani et al. 2011; Malik et al. 2012; Shittu, Kuti & Orji 2005; 
Torloni et al. 2008). Most of these studies concluded that the clinical method was as accurate 
as the ultrasound method in estimating foetal weight, particularly for normal newborns but not 
for low birth weight (LBW) and macrosomia neonates.  
 
In Indonesia, the Johnson-Toshach model is well recognised and deployed as a standard clinical 
model to estimate foetal weight. This model was first developed by Johnson and Toshach 
(1954) and later simplified (1957). It is based on the measurement of FH and the knowledge of 
foetal engagement status (FS) on the ischial spine using data from the United States. The 
measurements were taken prior to delivery or at more than 35 weeks of gestational age (GA). 
 
The basic assumption of the Johnson-Toshach model is that the height of the fundus should be 
35 cm when the foetal head is at station zero or engaged for normal foetal weight (7 pounds, 8 
ounces or approximately 3400 grams) (Johnson & Toshach 1954). Their proposed model (1) is:  
EFW (pounds) = 7 pounds, 8 ounces + [(M + S – 35 cm) (5 ounces)]                                    (1) 
where EFW is the estimated foetal weight in pounds, M is the height of the fundus measured in 
centimetres and S is the foetal station. 
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Johnson in 1957 simplified the model (1) and changed the unit into grams (Johnson 1957). 
The simplified model (2) is:   
EFW (g) = (FH – n) x 155                                                                                                       (2)                                                                                                        
where EFW is the estimated foetal weight in grams, FH is the fundal height measured in 
centimetres. The value of n = 13 if the vertex is above the ischial spine (minus station) or the 
foetal head is unengaged, n = 12 if the vertex is at ischial spine (zero station) or the foetal head 
is unengaged and n = 11 if the vertex is below the ischial spine (plus station) or the foetal head 
is engaged (Chithra, Kumari & Sangeereni 2014; Johnson 1957; Siswosudarmo & Titisari 
2014). Equation (2) also has an adjustment for maternal weight  i.e. if a pregnant woman weighs 
more than 91 kg, 1 cm is subtracted from the FH (Khani et al. 2011). 
 
The other prediction model for delivery weight commonly used in Indonesia is the Risanto 
model. This model was first established by Siswosudarmo (1995), cited in Titisari and 
Siswosudarmo (2013). It was redeveloped in 2014 (Siswosudarmo & Titisari 2014). Both 
Risanto models were developed using Indonesian data where measurements were taken prior 
to delivery or between 37 and 42 weeks of GA. The original model was developed using a 
sample of size 560 pregnant women in the Province of Yogyakarta in Indonesia. It was then 
improved using a sample of size 655 from the same province. 
 
The Risanto model (3) proposed by Siswosudarmo (1995):  
EFW (g) = 126.7 FH – 931                                                                                              (3) 
 
The modified version (4) proposed in 2014 (Siswosudarmo & Titisari 2014): 
EFW (g) = 125 FH – 880                                                                                                 (4) 
 
Several attempts have been made to compare these models (Anggraini, Abdollahian & Marion 
2018; Titisari & Siswosudarmo 2013; Wijayanti 2013). However, the majority of these studies 
only included term pregnancies (> 35 weeks of GA) and little attention has been paid to making 
an efficacy assessment of these models and how well they predict foetal weight between 20 and 
35 weeks of GA. This section will focus on comparing the accuracy of the above models in 
predicting foetal weight between 20 and 35 weeks of GA in Indonesia. 
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4.2.2 Method 
Study design and setting 
This was a preliminary study using the retrospective approach conducted prior to the scientific 
and technical training program. Therefore, in order to compare the accuracy of the existing 
models, a secondary data set of 39 pregnant women that was only accessible from one of the 
selected IMPs (explained in Chapter 2, Section 2.1) was collected and used for the analysis. 
The data contains the information of FH and FS measurements during pregnancy or between 
20 and 35 weeks of GA and the respective actual birth weights (ABWs).  
 
Statistical analysis 
In this study, multiple forecast accuracy measurements (listed in Table 22) were used to assess 
the efficacy of the different models. Different criteria, such as mean prediction error (ME) and 
proportion of estimates falling within 10% of ABWs were used to assess the accuracy. The 
accuracy of the three forecasting models (the Johnson-Toshach and the two Risanto models) is 
listed in Table 23.  
Table 22 Measures of forecast accuracy 
Measures of 
forecast 
accuracy 
Types of measures Abbreviations Description 
Bias 
 
Scale dependent  
 
ME Mean prediction error 
MEDE Median prediction error 
Non-scale dependent  
MPE Mean percentage prediction error 
MEDPE Median percentage prediction error 
Precision 
 
Scale dependent  
 
MAE Mean absolute prediction error 
MEDAE Median absolute prediction error 
MSE Mean square prediction error 
RMSE Root mean square prediction error 
Non-scale dependent  
MAPE Mean absolute percentage prediction error 
MEDAPE Median absolute percentage prediction error 
MSPE Mean square percentage prediction error 
RMSPE Root mean square percentage prediction error 
     Source: Levenbach and Training (2015); Swanson, Tayman and Bryan (2011) 
 
Table 22 shows that, in the scale-dependent category, bias can be measured by ME and MEDE, 
while MPE and MEDPE are used in the non-scale category. Both ME and MPE represent the 
average of prediction errors but in different terms. ME is expressed in the units of observation 
and written as: 
𝑀𝐸 =
∑(𝐴𝑖−𝑃𝑖)
𝑛
                                                                                                                              (5) 
whereas MPE is stated as a percentage and written as: 
𝑀𝑃𝐸 =
∑(
𝐴𝑖−𝑃𝑖
𝐴𝑖
)×100
𝑛
                                                                                                                   (6) 
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where 𝐴𝑖 is the 𝑖
𝑡ℎ ABW, 𝑃𝑖 is the 𝑖
𝑡ℎ predicted value and 𝑛 is the number of observations. 
 
These two measures can determine bias by identifying the number of underestimated and 
overestimated forecasts, but they are very sensitive to extreme errors. Therefore, to anticipate 
false interpretation due to error distortion, it is recommended to use: 
𝑀𝐸𝐷𝐸 = 𝑀𝑒𝑑𝑖𝑎𝑛 (𝐴𝑖 − 𝑃𝑖)                                                                                                           (7)  
or 
𝑀𝐸𝐷𝑃𝐸 = 𝑀𝑒𝑑𝑖𝑎𝑛 (
𝐴𝑖−𝑃𝑖
𝐴𝑖
× 100)                                                                                                (8) 
(Levenbach & Training 2015). 
 
On the other hand, precision in the scale-dependent category (Table 22) can be assessed by 
MAE, MEDAE, MSE and RMSE, while in the non-scale category it can be explained by 
MAPE, MSPE, RMSPE and MEDAPE. The MAPE measure is commonly used in cross-
sectional studies to compare different prediction models over a period of forecast intervals even 
though it tends to have larger values than MEDAPE (Swanson, Tayman & Bryan 2011). 
 
Data management and analysis were performed using Microsoft Excel 2010 and Minitab 17. 
 
4.2.3 Results and Discussion 
Accuracy assessment of the existing foetal weight prediction models in Indonesia 
Original results based on equation (1) showed that the average prediction error was 12.5 ounces 
or 352.9 g (Johnson & Toshach 1954; Johnson 1957). The study also showed that a FH of 26 
cm can potentially indicate a premature birth weight (this was true for 80% of the premature 
newborns). A FH of 30 cm is necessary to ensure that the baby will be normal weight. 
 
Deploying both models, the mean difference between (3) and the actual birth weight was 100.8 
± 86.1 g. The results from equation (4) also showed that correlation between the measurement 
of FH and neonatal weight is r = 0.93 and 86% of variation in the delivery weight is explained 
by the maternal FH (R2 = 0.86). 
 
A sequence plot was used to visually compare the delivery weight predictions made between 
20 and 35 weeks of GA based on the Johnson-Toshach and the Risanto models with the actual 
recorded birth weights (Figure 12). The prediction models used recorded data from 39 women. 
The FH was measured between 20 and 35 weeks of GA. 
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Figure 12 Birth weights predicted by existing models compared to actual birth weights  
 
The hypothesis testing was carried out to assess if there is a significance difference between the 
actual recorded data and forecast values based on the three models. Figure 12 shows that both 
the Johnson-Toshach and the Risanto models underestimate the delivery weights and that there 
is no significant difference between their forecasting abilities.  
 
Table 23 presents the corresponding p-values and the 95% confidence intervals for the 
differences between the actual and estimated delivery weights. The results show that there is         
a statistically significant difference between the actual delivery weights and the forecasts based 
on the existing models, Johnson-Toshach (2), Risanto 1995 (3) and Risanto 2014 (4), when 
forecasts are based on FH measured between 20 and 35 weeks. 
 
Table 23 Mean difference between estimated birth weights and actual birth weights 
Models 
Estimated mean 
difference 
P-value 
Pooled 
standard 
deviation 
95% 
Confidence 
interval 
(2) 794.9 ≤ 0.0005 422.04 (604.5, 985.2) 
(3) 691.6 ≤ 0.0005 366.02 (526.5, 856.7) 
(4) 687.1 ≤ 0.0005 363.75 (523.0851.1) 
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A comparison of the three models is presented in Table 24. It can be concluded based on the p-
values (> 0.05) that there is no significant difference between the Johnson-Toshach and the two 
Risanto models. Also, it can be shown that the two Risanto models are not significantly 
different. 
 
Table 24 Mean difference between the Johnson-Toshach and the Risanto formulas 
Models 
Estimated mean 
difference 
P-value 
Pooled 
standard 
deviation 
95% 
Confidence 
interval 
(2) – (3) -103.3 0.269 409.91 (-288.1, 81.6) 
(2) – (4) -107.8 0.247 407.89 (-291.8, 76.1) 
(3) – (4) -4.6 0.954 349.60 (-162.2, 153.1) 
 
To further compare forecast accuracy between the Johnson-Toshach and the Risanto models, 
their bias and precision has been measured using a sample of 39 observations during pregnancy 
between 20 and 35 weeks. The results are given in Table 25 and Table 26. 
 
Table 25 Measures of bias for existing models 
Models 
Measures of bias (direction problem) 
Scale dependent 
Non-scale 
dependent Direction 
Bias 
(%) 
ME MEDE MPE MEDPE 
(2) 794.87 720 23.41 22.50 Underestimate 92 
(3) 691.61 637 20.18 20.29 Underestimate 92 
(4) 687.05 630 20.04 20.28 Underestimate 92 
 
It is apparent from this table that all the proposed models have an equal pattern of bias. More 
than 90% of the forecasts underestimate the birth weight. Both Risanto models perform slightly 
better than Johnson-Toshach’s formula (smaller ME, MEDE, MPE and MEDPE). 
 
Table 26 Measures of precision for existing models 
Models 
Measures of precision (magnitude problem) 
Scale dependent Non-scale dependent 
MAE MEDAE MSE RMSE MAPE MSPE RMSPE MEDAPE 
(2) 813 720 965123 982 24 801 28 20 
(3) 708 637 731686 855 21 597 24 17 
(4) 704 630 722294 850 21 589 24 17 
 
The results in Table 25 are consistent with the information in Table 26 and confirm that the 
Johnson-Toshach model (2) tended to produce more error than the other two models. Table 27, 
on the other hand, presents the percentage of estimated weights that fall outside two standard 
deviations (SDs) from the mean of the ABWs. 
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Table 27 Percentage error of individual estimates 
Models 
Complete 
samples 
Mean 
(g) 
Standard 
deviation 
(SD) 
(g) 
Mean ± 2 
Standard 
deviation (SD) 
(g) 
Number of estimates 
outside the range 
n % 
(2) 39 
3267.7 378.1 (2511.5 – 4023.9) 
23 58.97 
(3) 39 19 48.72 
(4) 39 19 48.72 
 
The results indicate that 59% of the estimated delivery weights using the Johnson-Toshach 
model fall outside two SDs of the mean ABWs in comparison with 49% based on the two 
Risanto models. The two SD range is recommended for standard practice or “alarm signals” in 
health care (Carey 2003).  
 
Table 28 provides the number of estimates that fall within the 10% of the actual values. 
Table 28 Proportion of individual estimates within 10% of actual birth weights 
Models 
Complete 
samples 
Number of 
estimates within 
10% of ABWs 
n % 
(2) 39 9 23.08 
(3) 39 10 25.64 
(4) 39 10 25.64 
 
 
From Table 28, it is clear that both Risanto models perform slightly better (26%) in producing 
foetal weight estimates within 10% of the ABWs than the estimates calculated from the 
Johnson-Toshach formulation (23%). 
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4.2.4 Summary 
The most commonly used prediction models in Indonesia are the Johnson-Toshach and the 
Risanto models. The current prediction methods are based on FH measured after 35 weeks of 
GA and predict the weight very close to delivery. This study has for the first time used these 
models to predict the delivery weight between 20 and 35 weeks of GA using real data from a 
rural clinic in Indonesia.  
 
The predicted delivery weight for individual mothers was then compared with the actual 
delivery weight to assess the efficacy of these models. Different accuracy criteria were used to 
compare the predicting errors of these models. The accuracy measures together with the 
percentage of estimates outside the two SD range and the number of estimates within 10% of 
ABWs were provided. The results show that the Risanto models slightly outperform the 
Johnson-Toshach model and yet are simpler to deploy as they only require FH measurements 
in contrast to the Johnson-Toshach model that requires the knowledge of FS as well. 
 
One of the significant outcomes that is hoped to emerge from this research is that an early 
delivery weight prediction will assist medical practitioners to plan appropriate clinical 
interventions well in advance if required. The Risanto models may predict better prior to 
delivery than the Johnson-Toshach formula but both are incapable of accurately predicting 
foetal weight when the GA is between 20 and 35 weeks. Therefore, further research using more 
reliable (prospective/longitudinal) data is required to improve the forecasting ability of both 
models between 20 and 35 weeks or at a given GA during different stages of pregnancy. 
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4.3 Development of new foetal weight prediction models at a given gestational age in 
the absence of ultrasound facilities 
 
4.3.1 Introduction 
Although a wide range of simple and advanced multivariate weight prediction models based on 
clinical and ultrasound measurements have been developed, most are only based on maternal 
or foetal factors (Campbell & Wilkin 1975; Hadlock et al. 1985; Hadlock, Harrist & Martinez-
Poyer 1991; Johnson 1957; Siswosudarmo 1995; Siswosudarmo & Titisari 2014). Less is 
known about the combinations of these characteristics to estimate foetal weight during 
pregnancy despite the fact that birth weight is significantly associated with characteristics of 
both mother and foetus (Njim et al. 2015). 
 
Several models based on combined maternal and neonatal characteristics have been developed 
and reviewed, but these existing models were mostly developed based on information available 
at delivery time (Abdollahian et al. 2012; Anggraini, Abdollahian & Marion 2015). In most 
developing countries, the availability of foetal biometric measurements during pregnancy is 
low, particularly in rural areas. Westerway et al. (2000), Loughna et al. (2009) and 
Papageorghiou et al. (2014b) have used a large number of ultrasound measurements to develop 
formulas that estimate foetal biometric characteristics at a given gestational age (GA). These 
formulas could be used to fill the gaps in foetal data during pregnancy when there is no access 
to ultrasound. 
 
In this research, foetal weight prediction models based on maternal fundal height (FH) and its 
combination with GA and estimated foetal biometric characteristics have been developed to 
estimate foetal weight at any given GA. The proposed models can be simply implemented in 
low-resource primary health care centres where ultrasound machines and trained ultra-
sonographers are not always available. The predicted foetal weight will also assist in the 
development of foetal growth charts for Indonesia. No such charts currently exist for the 
Indonesian population. 
 
 
 
 
 
 
 
 87 
 
4.3.2 Method 
 
4.3.2.1 Model development: a retrospective study 
Study design and setting 
A quantitative and analytic study based on a retrospective pregnancy cohort analysis was 
carried out. Deidentified secondary quantitative data were collected and analysed to:  
1) assess the adequacy of the existing ultrasound models in estimating foetal biometric 
characteristics, 
2) develop new foetal weight prediction models based on both maternal and estimated 
foetal biometric characteristics, 
3) assess the accuracy of the proposed models in predicting foetal weight at different GAs, 
4) carry out a comparison study between the proposed and commonly used models.  
This study was conducted in one of the selected IMPs used in Section 4.2.  
 
Conceptual framework 
Figure 13 shows the conceptual framework used in this study for assessing which factors 
influence the estimation of foetal weight between 32 and 41 weeks of pregnancy. 
 
 
Figure 13 Assessment framework for factors that influence foetal weight estimation 
 88 
 
Data source 
 
Study data were sourced primarily from a paper-based pregnancy register of pregnant women 
who received antenatal care (ANC) services and gave birth in the selected IMP from January 
2013 to August 2015. Prior to delivery, GA, FH, foetal head engagement/foetal station (FS) and 
recorded foetal weight estimation (EFWr) at a given GA were measured and recorded by the 
assigned midwife. At delivery time, actual birth weight (ABW), neonatal head circumference 
(HC) and neonatal abdominal circumference (AC) were also measured and recorded. 
 
Data management 
Data were recorded in Microsoft Excel and the statistical analyses were performed using 
Minitab version 17 and R. The ordinary least square (OLS) and robust regression (the weighted 
likelihood estimation) were carried out by using the lm function and wle.lm function 
respectively in R (Bellio & Ventura 2005; Faraway 2002; Fox & Weisberg 2010; Renaud & 
Victoria-Feser 2010). 
 
Statistical analysis 
Assessment of the adequacy of existing ultrasound models for estimating foetal biometric 
characteristics during pregnancy 
 
The existing ultrasound formulas for estimating foetal HC and foetal AC, which were developed 
based on Australian foetal biometry data (measured between 11 and 41 weeks), UK foetal 
biometry data (measured between 13 and 42 weeks) and international foetal biometry data 
(measured between 14 and 42 weeks or until birth), were applied to estimate foetal HC and 
foetal AC at a given GA for Indonesian foetuses (n=127) (Table 29) (Loughna et al. 2009; 
Papageorghiou et al. 2014; Westerway, Davison & Cowell 2000).  
 
Table 29 Existing ultrasound formulas for estimating foetal HC and AC 
Ultrasound 
formulas 
HC AC 
Australian standard 
(Westerway, Davison 
& Cowell 2000) 
HC = -127.91 + 18.494 GA – 0.1699 GA2 AC = -90.946 + 13.204 GA – 0.0469 GA2 
UK standard 
(Loughna et al. 2009) 
HC = -109.7 + 15.16 GA – 0.002388 GA3 AC = -85.84 + 11.92 GA – 0.0007902 GA3 
International standard 
(Papageorghiou et al. 
2014) 
HC = -28.2849 + 1.69267 × GA2 – 
0.397485 × GA2 × log (GA) 
AC = -81.3243 + 11.6772 × GA – 
0.000561865 × GA3 
Where: HC = foetal head circumference (mm); AC = foetal abdominal circumference (mm); GA = gestational age 
(weeks) 
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A reliability analysis using an intraclass correlation coefficient (ICC) was performed to assess 
the consistency of the ultrasound formulas for Indonesian population. The obtained ICC values 
(Table 31) were computed by single-rating, consistency and two-way random effects models 
for the foetal biometrics with three raters (different ultrasound formulas) across 127 pregnant 
women (Koo & Li 2016; Landers 2015). The interclass (Pearson) correlation coefficient was 
also analysed to assess whether there is a significant relationship between the predicted foetal 
biometrics and the neonatal measurements recorded at delivery time (Table 32). 
 
Development of new foetal weight prediction models based on combinations of maternal 
and estimated foetal biometric characteristics 
 
A Bernoulli distribution with the event probability (p) of 70% was used to randomly divide the 
retrospective data into two sets: model development (training) data (n = 89) and model efficacy 
assessment (testing) data (n = 38). 
 
Simple and multivariate linear regressions were used to develop the proposed models. The best 
subset selection methodology together with correlation coefficient (r), coefficient of 
determination (R2), standard deviation (SD), Mallows Cp and variance inflation factor (VIF) 
were deployed to identify the most suitable subset of predictors. Analysis of variance (ANOVA) 
together with t-test statistics was used to simultaneously and partially confirm the significance 
of predictors’ contribution in the regression models. Diagnostic tests of residuals were used to 
confirm the validity of the regression models. 
 
Since the aim of this study is to investigate whether a combination of maternal and foetal factors 
could improve foetal weight prediction accuracy, the most commonly recommended formulas 
of foetal measurement standards using ultrasound (based on GA) were utilised to predict the 
measurements of foetal biometrics in the local population. This prediction is one way to fill in 
the gaps in foetal data during pregnancy in the absence of ultrasound. The estimates of the two 
most significant characteristics of foetal biometry, HC and AC were then combined with 
maternal FH to develop the prediction models.  
 
The delivery date ranged from 32 to 41 weeks. The ultrasound formulas were used to estimate 
foetal HC and foetal AC at the given GA for each individual patient. Therefore the mean time 
between the last measurements of FH and GA as well as the last estimates of foetal HC and 
foetal AC and birth was assumed to be 0 days. 
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Efficacy assessment of the proposed models 
The testing data set was used to validate and assess the efficacy of the proposed models. The 
potential bias due to growth between the last measurements and birth of the developed models 
for estimating foetal weight was assessed by calculating the mean prediction errors (ME) 
(Equation 5). In this case, the average of the differences between the 𝑖𝑡ℎ actual values of birth 
weight (ABWi) and the 𝑖
𝑡ℎ predicted values of foetal weight based on the proposed models 
(EFWpi) or 𝑀𝐸 = ∑
(𝐴𝐵𝑊𝑖−𝐸𝐹𝑊𝑝𝑖)
𝑛
𝑛
𝑖=1  was calculated. The mean absolute percentage prediction 
error: 
𝑀𝐴𝑃𝐸 = ∑
|(
𝐴𝐵𝑊𝑖−𝐸𝐹𝑊𝑝𝑖
𝐴𝐵𝑊𝑖
×100)|
𝑛
𝑛
𝑖=1                                                                                                (9) 
was also calculated to represent the dispersion of the errors (Stirnemann et al. 2017).  
 
In addition, the median absolute percentage prediction error (MEDAPE): 
𝑀𝐸𝐷𝐴𝑃𝐸 = 𝑀𝑒𝑑𝑖𝑎𝑛 |(
𝐴𝐵𝑊𝑖−𝐸𝐹𝑊𝑝𝑖
𝐴𝐵𝑊𝑖
× 100)|                                                                         (10)  
was measured and used for assessing the efficacy of the models. The latter measurement is more 
resistant to outlier distortion (due to the presence of extreme deviations) than the mean. 
Therefore, using MEDAPE eliminates the false interpretation of forecast accuracy (Levenbach 
& Training 2015). 
 
The efficacy of the proposed models was also assessed by the number of estimates within 10% 
of actual birth weights (ABWs). A two-independent sample t-test was used to decide if there is 
a significant difference in means of prediction errors between the observed or actual values of 
birth weight (ABWi), EFWr and estimated foetal weights based on the proposed models (EFWp). 
Multiple comparisons were carried out between the proposed models, eleven existing clinical 
models and six existing ultrasound models to select the most effective models for estimating 
foetal weights at a given GA. 
 
4.3.2.2 Model validation: a prospective study 
Research design 
In this section, a prospective population-based cohort study using a quantitative method was 
carried out. The prospective data were used to validate the proposed models and carry out the 
comparison task. 
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Setting 
This study was conducted, between 1 June 2016 and 30 June 2017, in twenty selected primary 
health care centres (explained in Chapter 2, Section 2.1) in the province of South Kalimantan, 
Indonesia (Figure 14). 
 
Participants 
With no limitations on health, environmental and socioeconomic status, pregnant women who 
enrolled or initiated care before or after 20 weeks of gestation were prospectively included in 
this study. All mothers recruited were followed up until delivery and/or to the end of the study. 
 
Procedures 
In this study, GA was estimated using Naegele’s Rule, provided that the information of the first 
day of the last menstrual period (LMP) was certain with a regular menstrual cycle (Baskett & 
Nagele 2000; González-Mesa & Villegas 2017; Saifuddin, Rachimhadhi & Wiknjosastro 
2010). Although the use of LMP dating has limitations in reporting the date, it remains a simple 
and affordable method of estimating GA in most limited-resource settings, including in the 
Indonesian primary health care centres (Lynch & Zhang 2007). 
 
Follow-up visits occurred every trimester based on World Health Organisation (WHO)’s 
recommendation (a minimum four visit model for ANC): one in the first trimester (<= 12 
weeks’ gestation), one in the second trimester (> 12-24 weeks’ gestation) and two in the third 
trimester (> 24-30 and > 30-36 weeks’ gestation). In this study, the lengths between ANC visits 
recommended by the Indonesian Ministry of Health (MoH) (2010a) were used rather than the 
ones regulated in MoH (2013c). This is because the class intervals of GAs in the former 
regulation was more comprehensive than the ones in the latter regulation. This study, however, 
did not restrict the participating pregnant women from having more than four visits. At each 
visit, the measurements of maternal and foetal characteristics recommended in the current 
national ANC practice guidelines and the previously published studies were expected to be 
performed (Anggraini et al. 2018, 2019; MoH 2010a, 2012a). 
 
Data collection  
This study used clinical data to validate the existing and proposed models for estimating foetal 
weight. All measurements (from the beginning of pregnancy to delivery) were performed by 
the dedicated midwives who were employed in the participating centres and had undergone 
scientific and technical training, as explained in Chapter 3 and reported in a previous 
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publications (Anggraini et al. 2018, 2019). The data were electronically recorded by the 
participating midwives under the supervision of the principal investigator to minimise 
measurement error and bias. The data were stored in the newly developed electronic database 
(explained in Chapter 3, Section 3.1.2) (Anggraini et al. 2018). The selected midwives were 
also experienced in the provision and delivery of ANC services with a minimum of five years 
experience required (average of 19 years, range between 6 and 36 years). In this study, however, 
the measurement of each maternal and foetal characteristic at the different stages of pregnancy 
and delivery was mostly performed once only or without any repetition due to time limitation 
within the current clinical practice.  
 
To obtain the study objective, further inclusion criteria were used for analysis. These included 
having complete information on GA, FH, FS, ABW and newborn gender; having a live, 
singleton and normal birth weight (2500-4000 g) newborn; having a FH measurement between 
12 cm and 38 cm (Papageorghiou, ATOhuma, et al. 2016). Maternal and foetal conditions 
occurring during pregnancy (which are common to low-risk pregnancies around the world) 
were not excluded from the analysis (Kiserud et al. 2017). Pregnant women who did not meet 
the inclusion criteria were excluded from the analysis. The selection process is shown in Figure 
14.  
 
Statistical analysis 
In this study, a deidentified prospective data set was used to validate and assess the efficacy of 
the proposed and existing prediction models for foetal weight. The assessment was 
comprehensively investigated in two stages: during different periods of the pregnancy (between 
13 and 42 weeks, 20 and 40 weeks, 20 and 35 weeks, and 24 and 40 weeks) and at labour or 
prior to delivery (between 32 and 42 weeks). The aim was to determine the specification limits 
or cut off range of prediction error for having normal delivery weight.  
 
The prediction accuracy of the proposed and existing models was, therefore, assessed/validated 
using more reliable prospective data. The accuracy measures used in this validation study were 
calculated based on Equations 5, 9 and 10 which have been explained in Sections 4.2.2 and 
4.3.2. All analyses were performed using MS. Excel 2010, SPSS 23, and Minitab 17. 
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Figure 14 Recruitment of participants (prospective study) 
Prospective cohort study 
(1 June 2016 – 30 June 2017) 
 
Number of pregnant women 
recorded from 14 PHCs between  
1 June 2016 and 30 June 2017 
(n = 115) 
 
Number of pregnant women 
recorded from 14 PHCs between  
1 June 2016 and 30 June 2017 
(n = 115) 
 
Number of pregnant women recorded from  
6 private primary healthcare centres (IMPs) 
(n = 137) 
 
Number of pregnant women 
recorded from 3 urban PHCs  
(n = 63) 
 
Number of pregnant women recorded from 
14 public primary healthcare centres (PHCs) 
(n = 346) 
 
Number of pregnant women 
recorded from 11 rural PHCs  
(n = 283) 
 
Number of pregnant women 
recorded from 1 rural IMP  
(n = 30) 
 
Number of pregnant women 
recorded from 5 urban IMPs  
(n = 107) 
 
Number of pregnant women with singleton live births in the study 
(n = 435) 
, n=3,616) 
 
Excluded (n = 16): 
Incomplete information  
Number of pregnant women 
recorded from 3 urban PHCs  
(n = 47) 
 
Excluded (n = 10): 
Twins (n = 2) 
Incomplete information 
(n = 5) 
Abortion (n = 3)  
 
Number of pregnant women 
recorded from 11 rural PHCs  
(n = 273) 
 
Number of pregnant women 
recorded from 3 urban PHCs  
(n = 85) 
 
Excluded (n = 22): 
Abortion (n = 3) 
Lost to follow up (moving) (n = 1) 
Incomplete information (n = 18) 
 
 
Single measurement  
prior to/at delivery time 
(n = 435) 
 
Repeated measurements during 
different stages of pregnancy 
(n = 2,469) 
 
Excluded (n = 17): 
Low birth weight (LBW) (n = 16)  
No gender and birth weight 
information (n = 1) 
Repeated measurements during 
different stages of pregnancy 
(n = 2,370) 
 
Single measurement  
prior to/at delivery time 
(n = 418) 
 
Single measurement  
prior to/at delivery time 
(n = 416) 
 
Repeated measurements during 
different stages of pregnancy 
(n = 2,329) 
 
Excluded (n = 2): 
No measurements taken 
during pregnancy 
Excluded (n = 176) when: 
1. No information on GA, 
FH, FS, and ABW (n = 
175) and 
2. FH < 12 cm and FH > 
38 cm (Papageorghiou 
et al. 2016) (n = 174) 
 
Single measurement  
prior to/at delivery time 
(n = 240) 
 
Repeated measurement 
at delivery time 
(n = 1,277) 
 
Excluded (n = 1,052) when: 
1. No information on 
gestational age (GA), 
fundal height (FH), 
foetal station (FS), and 
actual birth weight 
(ABW) (n = 1,049) and 
2. FH < 12 cm and FH > 38 
cm (Papageorghiou et al. 
2016) (n = 918) 
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4.3.3 Results 
4.3.3.1 Model development: a retrospective study 
Out of 146 women who received ANC services and gave birth in the selected IMP, 127 women 
(87%) met the study criteria (Figure 15). These women delivered live singletons with normal 
delivery weights between 32 and 41 weeks of GA. 19 women (13%) were excluded for the 
reasons listed in Figure 15. 
 
 
Figure 15 Selection of participants (retrospective study) 
 
General information on the study population 
Descriptive statistics on baseline characteristics of mothers and newborns in the study 
population (n = 127) are presented in Table 30. Overall, the pregnant women were well 
nourished (middle upper arm circumference or MUAC = 25.5 cm) and had normal haemoglobin 
levels (11.6 g/dl) and body mass index (BMI) (24.4 kg/m2). The median age, height, weight and 
FH for women were 28 years (range 16-44 years), 156 cm (range 148-76 cm), 60 kg (range 44-
83 kg) and 32 cm (range 27-36 cm), respectively. The outcomes of pregnancy were in a normal 
average of GA (38 weeks), delivery weight (3,252.8 g), birth length (50.2 cm), neonatal HC 
(33.5 cm) and neonatal AC (34.5 cm). 
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Table 30 Maternal and neonatal characteristics (retrospective study) 
Characteristics 
Missing 
data 
Mean 
Standard 
deviation 
(SD) 
Median Minimum Maximum 
Maternal age (years) - 27.6 4.9 28 16 44 
Maternal height (cm) 3 156.5 5.0 156 148 176 
Maternal weight (kg) - 59.9 7.5 60 44 83 
Maternal body mass index 
(BMI) (kg/m2) 
3 24.4 3.1 24.3 16.5 34.2 
Maternal middle upper arm 
circumference (MUAC) (cm) 
1 25.5 1.7 25 22 31 
Maternal haemoglobin level 
(g/dl) 
- 11.6 0.7 11.4 9 13.2 
Maternal fundal height (FH) at 
delivery time (cm) 
- 32.2 2.4 32 27 36 
Gestational age (GA) at delivery 
time (weeks) 
- 38.6 1.5 39 32 41 
Actual birth weight (ABW) (g) - 3,252.8 340.8 3,300 2,600 4,000 
Neonatal birth length (cm) - 50.2 2 50 40 56 
Neonatal head circumference 
(HC) (cm) 
- 33.5 1.3 33 29 37 
Neonatal abdominal 
circumference (AC) (cm) 
- 34.5 1.9 35 28 37 
 
Reliability of existing ultrasound formulas in estimating foetal biometrics 
This section presents the results from analysing the reliability of the three existing  ultrasound 
formulas listed in Table 29 (Loughna et al. 2009; Papageorghiou et al. 2014; Westerway, 
Davison & Cowell 2000) in predicting foetal biometrics when ultrasound facilities are not 
accessible. 
 
The intraclass and interclass correlation coefficient analyses are presented in Table 31 and 
Table 32 respectively. 
 
Table 31 Reliability of existing ultrasound formulas - intraclass correlation coefficient  
Foetal 
biometrics 
Intraclass 
correlation 
coefficient  
(single measure) 
95% Confidence 
interval 
F test with true value 0 
Lower 
bound 
Upper 
bound 
F-value 
Degree of 
freedom 
(1) 
Degree of 
freedom 
(2) 
P-value 
HC 0.957 0.943 0.968 67.704 126 252 .000 
AC 0.996 0.995 0.997 738.785 126 252 .000 
 
The results presented in Table 31 indicate that all three formulas have excellent 
reliability/consistency in predicting foetal HC and foetal AC at a given GA (ICC values are 
0.957 and 0.996, respectively). Therefore any of the existing formulas can be deployed in the 
study population. 
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Table 32 Reliability of existing ultrasound formulas - interclass correlation coefficient 
Reference Variables 
Complete 
samples 
Pearson 
correlation 
coefficient 
(r) 
Number of 
estimates within 
10% of actual 
values 
n % 
Australian standard 
(Westerway, Davison 
& Cowell 2000) 
Estimated HC 
127 
 
0.212* 125 98 
Estimated AC 0.078 112 88 
UK standard 
(Loughna et al. 2009) 
Estimated HC 0.205* 125 98 
Estimated AC 0.076 104 82 
International standard 
(Papageorghiou et al. 
2014) 
Estimated HC 0.191* 125 98 
Estimated AC 0.077 107 84 
                  *The p-value of less than 0.05 confirms significant correlation 
 
Table 32 shows that the estimated values of HC and AC based on the existing models are close 
to the actual values. However since the Australian standard formulas produced more estimates 
falling within 10% of the neonatal measurements these were the ones deployed to fill the gaps 
in the foetal data and assist in the development of the new models. 
 
Optimal models based on the best subset selection algorithm 
Deploying the best subset selection algorithm, new models were developed based on the EFWr 
and ABW (Table 33). These models were based on one, two and three independent variables. 
The table also lists their corresponding R2, Mallows Cp, standard error of estimate and VIF 
statistics. 
 
Table 33 New foetal weight estimation models from the best subset selection algorithm 
Model 
Number 
of 
variables 
R2  
(%) 
R2-
adj 
(%) 
R2-
pred 
(%) 
Mallows 
Cp 
Standard 
error of    
estimate 
(g) 
GA 
(weeks) 
FH 
Estimated 
foetal HC 
(cm) 
Estimated 
foetal AC 
(cm) 
Based on regression with the recorded estimated foetal weight (EFWr) 
I 1 88.3 88.2 87.9 3.4 123.90  √   
II 2 88.8 88.5 87.6 3.6 122.27 
√ 
(VIF+ = 
1.01) 
√ 
(VIF+ 
= 1.01) 
  
III 2 88.8 88.5 87.6 2.0 122.22 
 √ 
(VIF+ 
= 1.01) 
√ 
(VIF+ = 
1.01) 
 
IV 2 88.8 88.5 87.6 2.1 122.26 
 √ 
(VIF+ 
= 1.01) 
 
√ 
(VIF+ = 
1.01) 
V 3 88.8 88.4 82.5 4.0 122.92 
 √ 
(VIF+ 
= 1.01) 
√ 
(VIF+ = 
194.80) 
√ 
(VIF+ = 
194.88) 
Based on regression with the actual birth weight (ABW) 
VI 1 58.4 57.9 56.3 1.9 209.07  √   
+Mallows Cp close to p (the number of explanatory variables) indicates a good fit and VIF > 10 indicates the 
presence of multicollinearity. 
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Table 33 shows that Model I and Model VI incorporated only one predictor: FH. Three models 
incorporated two predictors: Model II, FH and GA; Model III, FH and estimated foetal HC 
(EHC); Model IV, FH and estimated foetal AC (EAC). Model V was developed based on three 
predictors: FH, estimated foetal HC and estimated foetal AC. Models I-V have been developed 
using regression analysis between the EFWr, clinical predictors (GA and FH) and estimated 
ultrasonic predictors (EHC and EAC). Meanwhile, Model VI was developed using regression 
analysis between the ABW and the clinical predictor (FH) only between 35 and 41 weeks of 
GA. Models based only on EHC or EAC were excluded from the analysis due to their 
insignificant R2. 
 
Overall, the developed models, apart from Model VI, were equally capable of estimating foetal 
weight (coefficient of determination between 88.3 and 88.8%). However, using Mallows Cp 
index and standard error of estimate, it was concluded that Models III and IV were the best fit 
models with the least predicting errors. Model V is excluded due to the presence of severe 
multicollinearity (VIF = 194.8) (Table 33). Model VI was not excluded from the analysis 
because it will be compared with the first model which was developed based on the EFWr using 
the existing Johnson-Toshach formula (Johnson 1957). 
 
Table 34 presents the coefficients of the predictors for the chosen models together with the 
corresponding p-values for t-test statistics and diagnostics of residuals. 
 
Table 34 Predictor analysis of the proposed models 
Model Parameters 
Estimated 
coefficients 
Simultaneous 
p-value 
(ANOVA) 
Partial 
p-value 
(t-test) 
VIF Residuals 
(1) 
β0 (Intercept) -1538.3 
< 0.0005*** 
2.66e-12*** - Non-normal 
(p-value < 0.005) β1 (FH) 150. 3 < 2e-16*** - 
(2) 
β0 (Intercept) -959 
< 0.0005*** 
0.011*  
Non-normal 
(p-value < 0.005) 
β1 (GA) -15.8 0.071* 1.01 
β2 (FH) 151.2 < 0.0005*** 1.01 
(3) 
β0 (Intercept) -634.3 
< 0.0005*** 
0.2304 - 
Non-normal 
(p-value < 0.005) 
β1 (FH) 151.2 < 2e-16*** 1.01 
β2 (EHC) -2.8 0.0682* 1.01 
(4) 
β0 (Intercept) -996.8 
< 0.0005*** 
0.00548** - 
Non-normal 
(p-value < 0.005) 
β1 (FH) 151.2 < 2e-16*** 1.01 
β2 (EAC) -1.6 0.07066* 1.01 
(5) 
β0 (Intercept) -272 
< 0.0005*** 
0.397 - Normal  
(p-value = 0.054) β1 (FH) 109.16 < 0.0005*** - 
***Significant at p-value < 0.0005 
**Significant at p-value < 0.05 
* Significant at alpha p-value < 0.1 
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Table 34 shows that for each individual model, the p-value corresponding to independent 
predictors is significant. Since the sample size is large, statistically significant non-normality 
of residuals was accepted. A robust regression analysis was deployed to find the best fit models. 
However, the best fit models proposed by the robust regression had slightly larger prediction 
errors than those selected through the best subset models. Therefore, further analysis is carried 
out using the OLS regression models presented in Table 34. 
 
As mentioned earlier, the two most commonly used models in Indonesia for estimating delivery 
weight are the Johnson-Toshach and the Risanto models. Both models estimate foetal weight 
based on FH. However, the Johnson-Toshach formula, which is well recognised nationally, 
requires additional information on the status of the FS (Anggraini, Abdollahian & Marion 2016; 
Anggraini, Abdollahian & Marion 2018). 
 
As listed in Table 34, Models (1) and (5) were developed based on FH alone. So further analysis 
was carried out to compare the proposed Models (1) and (5) with the Johnson-Toshach  and the 
Risanto models as well as with the other existing models for estimating foetal weight based 
only on FH (Buchmann & Tlale 2009; Farid & Sukarya 1999; Gayatri & Afiyanti 2006; Johnson 
& Toshach 1954; Johnson 1957; Niswander, Capraro & Van Coevering 1970; Santjaka & 
Handayani 2011; Siswosudarmo 1995; Siswosudarmo & Titisari 2014; Yiheyis, Alemseged & 
Segni 2016). Models (2), (3) and (4) were also compared with the existing models based on GA 
(Hadlock, Harrist & Martinez-Poyer 1991; Sotiriadis et al. 2018) and on ultrasound 
measurements of foetal biometrics, such as foetal HC and foetal AC (Hadlock et al. 1984; 
Jordaan 1983; Stirnemann et al. 2017; Weiner et al. 2002). Details for the proposed and existing 
models are presented in Table 35. 
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Table 35 Proposed and existing models based on clinical and ultrasound variables 
Authors Variables Formulas  
Proposed models 
Anggraini, Abdollahian 
and Marion (2018) 
FH Model (1): 
 
EFW (g) = 150.293 x FH – 1538.331 
FH, GA Model (2): 
 
EFW (g) = 151.19 x FH – 15.75 x GA – 959 
FH, EHC Model (3): 
 
EFW (g) = 151.170 x FH – 2.806 x EHC – 634.288 
FH, EAC Model (4): 
 
EFW (g) = 151.1889 x FH – 1.6339 x EAC – 996.7524 
FH Model (5): 
 
EFW (g) = 109.16 x FH – 272 
Existing clinical 
models 
  
Johnson-Toshach 
(1954, 1957) (Johnson 
& Toshach 1954; 
Johnson 1957) 
 
FH, n 
Johnson and Toshach’s formula: 
 
EFW (g) = [FH – n] x 155 
 
(Chithra, Kumari & Sangeereni 2014). 
 
“If a pregnant woman weighs more than 91 kg, 1 cm is 
subtracted from the fundal height” (Khani et al. 2011). 
Siswosudarmo (1995) 
cited in (Titisari & 
Siswosudarmo 2013) 
 
FH 
 Risanto I Formula: 
 
EFW (g) = 126.7 x FH – 931.5 
Siswosudarmo & 
Titisari 2014 
(Siswosudarmo & 
Titisari 2014) 
 
FH 
 Risanto II Formula: 
 
EFW (g) = 125 x FH – 880 
Niswander, Capraro & 
Van Coevering (1970) 
cited in  (Gayatri & 
Afiyanti 2004) 
FH 
Niswander formula: 
 
EFW (g) = ((FH – 13)/3) x 453.6 
Farid & Sukarya (1999) 
cited in (Gayatri & 
Afiyanti 2004) 
FH 
Modified Niswander formula: 
 
EFW (g) = (1.12 x FH – 7.7) x 100  
Mhaskar (2003) cited 
in (Gayatri & Afiyanti 
2004) 
FH 
Mhaskar formula: 
 
EFW (kg) = 0.18 x FH – 2.89 
Gayatri-Afiyanti 
Formula (2006) 
(Gayatri & Afiyanti 
2006) 
FH 
Gayatri-Afiyanti formula: 
 
EFW (g) = (FH – 4) x 100 
Buchmann and Tlale 
(2009) (Buchmann & 
Tlale 2009; Rusdy et al. 
2014)  
FH 
Buchmann-Tlale Formula: 
 
EFW (g) = 100 x ([FH] – 5) 
Santjaka & Handayani 
2011 (Santjaka & 
Handayani 2011) 
 
FH 
Santjaka-Handayani Formula: 
 
EFW (kg) = 1.876 + 0.119 x FH                           
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Mongelli & Gardosi 
2004 (Mongelli & 
Gardosi 2004) 
FH 
Mongelli-Gardosi Formula: 
 
ln EFW (g) = 10.6857 – 100.25 / FH                           
 
Yiheyis, Alemsegned 
& Segni 2016  
(Yiheyis, Alemseged & 
Segni 2016) 
FH 
Yiheyis, Alemsegned & Segni formula: 
 
EFW (g) = 2600 + 155 x (FH – 30) 
Existing ultrasound models 
Jordaan (1983) 
(Jordaan 1983) 
HC, AC 
Jordaan formula: 
 
log10EFW (g) = 0.9119 + 0.0488 x HC + 0.0824 x AC – 
0.001599 x (AC x HC) 
Weiner II (1985) in 
(Abele et al. 2010) 
HC, AC 
Weiner II formula: 
 
EFW (g) = 10^(1.6575 + 0.04035 x HC + 0.01285 x 
AC) 
Hadlock (1984) 
(Hadlock et al. 1984) 
HC, AC 
Hadlock formula: 
 
log10EFW (g) = 1.182 + 0.0273 x HC + 0.07057 x AC– 
0.00063 x AC2 – 0.0002184 x (HC x AC) 
Hadlock (1991) 
(Hadlock, Harrist & 
Martinez-Poyer 1991) 
GA 
Hadlock formula: 
 
log (EFW) (g) = 0.578 + 0.332 x GA – 0.00354 x GA2 
 
The log function designates the natural logarithm 
Stirnemann et. al 
(2017)  (Stirnemann et 
al. 2017) 
HC, AC 
International EFW standard formula: 
 
log (EFW) (g) = 5.084820 − 54.06633 × (AC/100)3 
− 95.80076 × (AC/100)3 × log (AC/100) 
+ 3.136370 × (HC/100) 
 
The log function designates the natural logarithm.  
 
Sotiriadis et. al (2018) 
(Sotiriadis et al. 2018) 
GA 
Sotiriadis et. al formula: 
 
log10EFW (g) = - 0.204661 + 0.173510 x GA – 
0.002016 x GA2 
*Where: EFW = estimated foetal weight, FH = fundal height (cm), HC = foetal head circumference (cm); AC = 
foetal abdominal circumference (cm); GA = gestational age (weeks); EHC = estimated foetal head circumference 
(cm); EAC = estimated foetal abdominal circumference (cm); n = 13 if vertex is above ischial spine (when the 
station is minus) or foetal head is unengaged, n = 12 if vertex is at ischial spine (when the station is 0) or foetal 
head is unengaged, n = 11 if vertex is below ischial spine (when the station is plus) or foetal head is engaged. 
 
The prediction accuracy of the proposed Models (1), (2), (3), (4) and (5) and the existing models 
(Table 35) were assessed using the testing data set. The predicting errors were calculated as the 
average (mean) of the differences between ABW and EFWp, the MAPE and the MEDAPE. The 
results are presented in Table 36.  
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Table 36 Accuracy of proposed and existing models (35 – 41 weeks) 
Sample size n = 38 
Prediction error 
(ABW – EFWp) 
Mean 
(ME) 
(g) 
MAPE 
(%) 
MEDAPE 
(%) 
Error 
distribution 
Number of 
estimates within 
10% of ABWs 
(%) 
Proposed models 
Model (1) 2.42 5.01 4.10 
Normal 
(p-value > 0.05) 
 
92 
Model (2) -0.20 5.10 4.16 92 
Model (3) -1.62 5.10 4.22 89 
Model (4) -0.29 5.10 4.16 92 
Model (5) 50.41 5.43 4.54 87 
Existing clinical models 
Johnson-Toshach (1957) 
(Johnson 1957) 
31.18 5.28 4.73 
Normal 
(p-value > 0.05) 
 
89 
Risanto I (1995) 
(Siswosudarmo 1995) 
149.56 5.95 5.37 84 
Risanto II (2014) 
(Siswosudarmo & Titisari 
2014) 
152.37 6.00 5.45 84 
Niswander (1970) 
(Niswander, Capraro & 
Van Coevering 1970) 
400.95 12.24 12.07 37 
Mod Niswander (1999) 
(Farid & Sukarya 1999) 
457.68 13.70 14.16 29 
Mhaskar (2003) cited in 
(Gayatri & Afiyanti 2004) 
405.26 12.59 12.86 32 
Gayatri (2006) (Gayatri & 
Afiyanti 2006) 
471.05 14.02 15.15 26 
Buchmann-Tlale (2009) 
(Buchmann & Tlale 2009; 
Rusdy et al. 2014) 
571.05 17.12 18.18 11 
Santjaka (2011) (Santjaka 
& Handayani 2011) 
-2411.95 75.33 72.24 0 
Mongelli-Gardosi (2004) 
(Mongelli & Gardosi 2004) 
1348.35 41.93 42.40 0 
Yiheyis (2016) (Yiheyis, 
Alemseged & Segni 2016) 
363.95 11.12 11.05 45 
Existing ultrasound models 
Jordaan (1983) (Jordaan 
1983) 
-277.09 14.64 14.43 
Normal 
(p-value > 0.05) 
 
39 
Weiner II (1985) cited in 
(Abele et al. 2010) 
486.29 15.90 12.86 32 
Hadlock (1984) (Hadlock 
et al. 1984) 
-96.83 12.67 12.64 45 
Hadlock (1991) (Hadlock, 
FP, Harrist & Martinez-
Poyer 1991) 
-42.75 11.74 9.88 50 
Stirnemann (2017) 
(Stirnemann et al. 2017) 
-31.46 12.20 10.88 39 
Sotiriadis (2018) 
(Sotiriadis et al. 2018) 
230.72 10.88 9.43 50 
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Table 36 presents the prediction ability of the proposed models, together with 11 existing 
clinical models (based on FH only) and 6 existing ultrasound models (based on ultrasound 
measurements of foetal HC and foetal AC as well as based on GA only). The data in the table 
show that the MEs recorded for the proposed models are significantly smaller (between -0.2 
and 50.4 g) than those recorded for other existing models. Similarly, the MAPEs and 
MEDAPEs recorded for the proposed models are significantly smaller (between 5.0 and 5.4% 
and between 4.1 and 4.5%, respectively) than those recorded for other existing models.  
 
The results show that 92% of the predicted values produced by the proposed Model (1) fall 
within the 10% of ABWs compared with 89% for the Johnson-Toshach model and 84% for the 
Risanto models. Model (5) has 87% of its predicted values falling with the 10% of ABWs. This 
is comparable with the Johnson-Toshach model yet slightly more accurate than the Risanto 
models. However, both Models (1) and (5) only use FH to predict foetal weight, while the 
Johnson-Toshach model requires information on FS as well as FH. Therefore, this study 
recommends that either Model (1) or Model (5) be used instead of the Johnson-Toshach model. 
 
Models (1) and (5) (based on FH only) are just as capable of estimating foetal weight as Models 
(2) and (4). These results imply that the inclusion of GA (which is not a biometric measurement 
of the foetus) and EAC do not have an impact on estimated foetal weight (EFW) accuracy. 
These results are in agreement with a previous study (Huber et al. 2014). 
 
Comparing the accuracy of Model (3) (based on FH and EHC) and Model (4) (based on FH and 
EAC) with the Hadlock 1984 model (based on ultrasound measurements of foetal HC and foetal 
AC), it is concluded that both the proposed Models (3) and (4) were more reliable than the 
Hadlock model. Tabel 36 shows that the proportion of predicted birth weights falling within the 
10% of ABWs for Models (3) and (4) are more than double the proportion based on the Hadlock 
model. Therefore, it is concluded that the five proposed models were capable of predicting EFW 
between 35 and 41 weeks of pregnancy with less error as compared with the existing models. 
The visualisation of these multiple comparisons for GAs between 35 and 41 weeks can be seen 
in Figure 16. 
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Figure 16 MEDAPEs of the proposed and existing models (35 – 41 weeks) 
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Furthermore, a two-independent sample t-test (Table 37) was also used to investigate if there is 
a significant difference between the observed and estimated foetal weights based on the 
proposed models. The results show that there is no significant difference between the observed 
and estimated foetal weights based on the proposed models (p-value > 0.05). 
 
Table 37 Two-independent sample t-tests between ABW, EFWr and EFWp 
Sample size n = 38 
Estimate for 
difference (g) 
Degree of 
freedom 
T-value P-value 
ABW – EFWr (Johnson-Toshach)  20.5 73 0.23 0.815 
ABW – EFWModel (1) 2.4 73 0.03 0.978 
ABW – EFWModel (2) -0.2 73 -0.00 0.998 
ABW – EFWModel (3) -1.6 73 -0.02 0.986 
ABW – EFWModel (4) -0.3 73 -0.00 0.997 
ABW – EBWModel (5) 50.4 74   0.65 0.517 
                    *The p-value < 0.05 indicates a significant difference 
 
 
4.3.3.2 Model validation: a prospective study  
In this section, prospective data collected after the training program from the participating 
primary health care centres (Figure 14) were used to validate the proposed and existing models 
to estimate foetal weight. The validation was carried out based on two phases of data collection: 
during different stages of pregnancy and at labour (prior to delivery time). 
 
During different stages of pregnancy 
Between 13 and 42 weeks of GA  
Using the multiple criteria measures, the proposed Models (1)-(5) were validated using 
prospective data - 1,277 repeated measurements of FH from 367 pregnant women between 13 
and 42 weeks of GA. The results are presented in Table 38 and Figure 17. 
 
Table 38 Accuracy of the proposed and existing models (13 - 42 weeks) 
Number of pregnant women = 367 (1,277 repeated measurements)  
Prediction error 
(ABW – EFWp) 
Mean 
(ME)  
(g) 
MPE 
(%) 
MAPE 
(%) 
MEDAPE 
(%) 
Error 
distribution 
Number of 
estimates 
within 10% 
of ABWs 
(%) 
Number of 
estimates 
within 20% 
of ABWs 
(%) 
Proposed models 
Model (1) 739.30 22.83 25.98 19.42 
Non-normal 
(p-value < 0.01) 
31 51 
Model (2) 638.06 19.57 23.04 17.74 35 55 
Model (3) 600.71 18.37 21.95 17.28 36 56 
Model (4) 632.06 19.38 22.87 17.71 35 55 
Model (5) 554.68 16.83 19.70 15.28 37 60 
Existing clinical models 
Johnson-Toshach 
(1957) (Johnson 
1957) 
859.67 26.71 29.36 22.50 Non-normal 
(p-value < 0.01) 
29 46 
Risanto I (1995) 753.03 23.23 24.97 20.29 29 49 
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(Siswosudarmo 1995) 
Risanto II (2014) 
(Siswosudarmo & 
Titisari 2014) 
746.22 23.00 24.73 20.19 29 50 
Niswander (1970) 
(Niswander, Capraro 
& Van Coevering 
1970) 
1142.98 35.78 36.41 30.88 11 33 
Mod Niswander 
(1999) (Farid & 
Sukarya 1999) 
978.01 30.42 30.81 27.29 11 36 
Mhaskar (2003) cited 
in (Gayatri & Afiyanti 
2004) 
1310.18 41.20 41.92 34.33 9 27 
Gayatri (2006) 
(Gayatri & Afiyanti 
2006) 
923.51 28.65 28.99 25.81 11 39 
Buchmann-Tlale 
(2009) (Buchmann & 
Tlale 2009; Rusdy et 
al. 2014) 
1023.51 31.86 32.05 29.03 6 30 
Santjaka (2011) 
(Santjaka & 
Handayani 2011) 
-1852.03 -60.37 60.46 62.75 3 7 
Mongelli-Gardosi 
(2004) (Mongelli & 
Gardosi 2004) 
2050.66 64.93 64.93 63.20 0 1 
Yiheyis (2016) 
(Yiheyis, Alemseged 
& Segni 2016) 
1127.47 35.29 36.06 30.14 13 33 
Existing ultrasound models 
Jordaan (1983) 
(Jordaan 1983) 
853.46 26.35 36.84 30.35 
Non-normal 
(p-value < 0.01) 
21 36 
Weiner II (1985) cited 
in (Abele et al. 2010) 
1419.70 44.51 45.76 46.34 13 25 
Hadlock (1984) 
(Hadlock et al. 1984) 
1054.98 32.83 40.24 35.24 19 34 
Hadlock (1991) 
(Hadlock, Harrist & 
Martinez-Poyer 1991) 
1076.59 33.52 39.90 34.47 20 37 
Stirnemann (2017) 
(Stirnemann et al. 
2017) 
1105.03 34.44 40.88 37.62 18 35 
Sotiriadis (2018) 
(Sotiriadis et al. 2018) 
1202.76 37.54 39.96 33.84 20 39 
 
 
Overall, the proposed models still performed better than the existing clinical and ultrasound 
models in predicting foetal weight between 13 and 42 weeks of GA. Table 38 shows that the 
proposed models produced the least MEs, MPEs, MAPEs and MEDAPEs. In addition, the 
proposed models were more capable than the existing models in predicting foetal weight with 
31-37% of the estimates falling within 10% of ABWs and 51-60% of the estimates falling 
within 20% of ABWs.  
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Figure 17 demonstrates that the proposed models are more effective in predicting foetal weight 
at a given GA during pregnancy (between 13 and 42 weeks of GA). In this figure, the two 
proposed models with the least MEDAPEs [Models (3) and (5)], the existing clinical models 
[Johnson-Toshach (1957) and Risanto II (2014)] and the ultrasound models [Jordaan (1983) 
and Sotiriadis (2018)] are presented for simplicity. The capability of these models to effectively 
predict foetal weight is then compared at each different GA. 
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Figure 17 MEDAPEs of the proposed and existing models (13 - 42 weeks) 
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This study aims to estimate foetal weight at an earlier GA to allow enough time for the provision 
of appropriate clinical interventions to prevent foetal growth abnormalities and adverse 
pregnancy outcomes. It can be clearly seen from Figure 17 that the later the GA the more 
accurate the prediction of foetal/birth weight. However, the proposed Models (3) and (5) can 
predict foetal weight during pregnancy more effectively, even at an earlier GA, than the existing 
models, and with acceptable prediction errors: MAPEs (19.7-22.0%) and MEDAPEs (15.3-
17.3%). 
 
Next, the proposed and existing prediction models of foetal weight were validated across the 
recommended critical periods for optimal clinical intervention to ensure safe pregnancy 
outcomes: 20-40 weeks of GA, 20-35 weeks of GA and 24-40 weeks of GA (Blencowe et al. 
2013).  
 
Between 20 and 40 weeks of GA  
Using the multiple criteria measures, the proposed Models (1)-(5) were validated using 
prospective data - 1,222 repeated measurements of FH from 367 pregnant women between 20 
and 40 weeks of GA. The results are presented in Table 39 and Figure 18. 
 
Table 39 Accuracy of the proposed and existing models (20 - 40 weeks) 
Number of pregnant women = 367 (1,222 repeated measurements)  
Prediction error 
(ABW – EFWp) 
Mean 
(ME)  
(g) 
MPE 
(%) 
MAPE 
(%) 
MEDAPE 
(%) 
Error 
distribution 
Number of 
estimates 
within 10% 
of ABWs 
 (%) 
Number of 
estimates 
within 20% 
of ABWs 
(%) 
Proposed models 
Model (1) 706.56 21.85 24.97 19.09 
Non-normal 
(p-value < 0.01) 
32 52 
Model (2) 609.18 18.71 22.17 17.52 35 55 
Model (3) 576.14 17.65 21.20 16.85 36 57 
Model (4) 603.88 18.54 22.01 17.44 36 56 
Model (5) 530.73 16.12 18.95 15.04 37 61 
Existing clinical models 
Johnson-Toshach 
(1957) (Johnson 
1957) 
824.95 25.67 28.28 22.50 
Non-normal 
(p-value < 0.01) 
29 47 
Risanto I (1995) 
(Siswosudarmo 
1995) 
725.32 22.41 24.11 20.11 30 50 
Risanto II (2014) 
(Siswosudarmo & 
Titisari 2014) 
718.88 22.20 23.88 19.82 30 51 
Niswander (1970) 
(Niswander, 
Capraro & Van 
Coevering 1970) 
1110.04 34.80 35.40 30.53 11 33 
Mod Niswander 
(1999) (Farid & 
Sukarya 1999) 
953.45 29.69 30.06 27.20 11 36 
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Mhaskar (2003) 
cited in (Gayatri & 
Afiyanti 2004) 
1271.09 40.03 40.72 33.95 9 27 
Gayatri (2006) 
(Gayatri & Afiyanti 
2006) 
901.52 28.00 28.32 25.81 11 39 
Buchmann-Tlale 
(2009) (Buchmann 
& Tlale 2009; 
Rusdy et al. 2014) 
1001.52 31.21 31.38 29.03 6 30 
Santjaka (2011) 
(Santjaka & 
Handayani 2011) 
-1878.09 -61.15 61.18 63.17 2 6 
Mongelli-Gardosi 
(2004) (Mongelli & 
Gardosi 2004) 
2033.43 64.44 64.44 63.08 0 1 
Yiheyis (2016) 
(Yiheyis, 
Alemseged & 
Segni 2016) 
1093.72 34.29 35.02 29.81 13 34 
Existing ultrasound models 
Jordaan (1983) 
(Jordaan 1983) 
825.29 25.57 35.27 28.61 
Non-normal 
(p-value < 0.01) 
22 37 
Weiner II (1985) 
cited in (Abele et 
al. 2010) 
1405.86 44.17 44.97 46.00 13 25 
Hadlock (1984) 
(Hadlock et al. 
1984) 
1033.58 32.26 38.87 33.00 20 36 
Hadlock (1991) 
(Hadlock, Harrist 
& Martinez-Poyer 
1991) 
1053.10 32.88 38.59 32.65 20 38 
Stirnemann (2017) 
(Stirnemann et al. 
2017) 
1087.96 34.01 39.70 36.20 19 37 
Sotiriadis (2018) 
(Sotiriadis et al. 
2018) 
1175.60 36.78 38.86 33.80 21 39 
 
Overall, the proposed models still performed better than the existing clinical and ultrasound 
models between 20 and 40 weeks of GA. Table 39 shows that the proposed models produced 
the least MEs, MPEs, MAPEs and MEDAPEs. In addition, the proposed models were more 
capable than the existing models with 32-37% of the estimates falling within 10% of ABWs 
and 52-61% of the estimates falling within 20% of ABWs. Figure 18 again shows that the 
proposed models were more effective in predicting foetal weight at a given GA during 
pregnancy, between 20 and 40 weeks of GA. 
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Figure 18 MEDAPEs of the proposed and existing models ( 20 - 40 weeks)
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Between 20 and 35 weeks of GA  
Using the multiple criteria measures, the proposed Models (1)-(5) were validated using 
prospective data - 749 repeated measurements of FH from 362 pregnant women between 20 
and 35 weeks of GA. The results are presented in Table 40 and Figure 19. 
 
Table 40 Accuracy of the proposed and existing models (20 – 35 weeks) 
Number of pregnant women = 362 (749 repeated measurements)  
Prediction error 
(ABW – EFWp) 
Mean 
(ME)  
(g) 
MPE 
(%) 
MAPE 
(%) 
MEDAPE 
(%) 
Error 
distribution 
Number of 
estimates 
within 10% 
of ABWs 
(%) 
Number of 
estimates 
within 20% 
of ABWs 
(%) 
Proposed models 
Model (1) 1076.38 33.68 34.56 31.48 
Non-normal 
(p-value < 0.01) 
13 29 
Model (2) 921.32 28.68 30.03 27.24 18 35 
Model (3) 868.22 26.97 28.44 25.62 20 38 
Model (4) 912.72 28.41 29.77 26.97 19 36 
Model (5) 795.55 24.59 25.61 23.56 19 42 
Existing clinical models 
Johnson-Toshach 
(1957) (Johnson 
1957) 
1241.28 39.01 39.55 37.03 
Non-normal 
(p-value < 0.01) 
10 24 
Risanto I (1995) 
(Siswosudarmo 
1995) 
1034.92 32.32 32.84 30.51 12 28 
Risanto II (2014) 
(Siswosudarmo & 
Titisari 2014) 
1024.14 31.97 32.49 30.29 12 29 
Niswander (1970) 
(Niswander, 
Capraro & Van 
Coevering 1970) 
1482.18 46.76 46.88 43.84 3 13 
Mod Niswander 
(1999) (Farid & 
Sukarya 1999) 
1225.52 38.45 38.53 37.00 4 15 
Mhaskar (2003) 
cited in (Gayatri & 
Afiyanti 2004) 
1716.75 54.35 54.45 50.69 2 9 
Gayatri (2006) 
(Gayatri & Afiyanti 
2006) 
1142.95 35.78 35.85 34.48 4 18 
Buchmann-Tlale 
(2009) (Buchmann 
& Tlale 2009; 
Rusdy et al. 2014) 
1242.95 39.00 39.02 37.93 2 11 
Santjaka (2011) 
(Santjaka & 
Handayani 2011) 
-1588.14 -52.23 52.28 52.65 4 9 
Mongelli-Gardosi 
(2004) (Mongelli & 
Gardosi 2004) 
2363.20 75.15 75.15 76.04 0 0 
Yiheyis (2016) 
(Yiheyis, 
Alemseged & 
Segni 2016) 
1475.56 46.55 46.71 43.43 3 13 
Existing ultrasound models 
Jordaan (1983) 1541.79 48.56 48.70 49.54 Non-normal 7 15 
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(Jordaan 1983) (p-value < 0.01) 
Weiner II (1985) 
cited in (Abele et 
al. 2010) 
2003.48 63.43 63.43 65.17 0 0 
Hadlock (1984) 
(Hadlock et al. 
1984) 
1762.75 55.68 55.69 57.97 2 7 
Hadlock (1991) 
(Hadlock, Harrist 
& Martinez-Poyer 
1991) 
1766.35 55.79 55.80 58.26 2 8 
Stirnemann (2017) 
(Stirnemann et al. 
2017) 
1810.25 57.21 57.21 60.24 1 6 
Sotiriadis (2018) 
(Sotiriadis et al. 
2018) 
1806.41 57.09 57.09 59.20 1 6 
 
Overall, the proposed models still performed better than the existing clinical and ultrasound 
models in predicting foetal weight between 20 and 35 weeks of GA. For the proposed models, 
13-20% of the estimates were falling within 10% of ABWs and 29-42% were falling within 
20% of ABWs. Figure 19 again shows the above results. 
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Figure 19 MEDAPEs of the proposed and existing models (20 - 35 weeks) 
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Between 24 and 40 weeks of GA 
Using the multiple criteria measures, the proposed Models (1)-(5) were validated using 
prospective data - 1,113 repeated measurements of FH from 366 pregnant women between 24 
and 40 weeks of GA. The results are presented in Table 41 and Figure 20. 
 
Table 41 Accuracy of the proposed and existing models (24 - 40 weeks) 
Number of pregnant women = 366 (1,113 repeated measurements)  
Prediction error 
(ABW – EFWp) 
Mean 
(ME)  
(g) 
MPE 
(%) 
MAPE 
(%) 
MEDAPE 
(%) 
Error 
distribution 
Number of 
estimates 
within 10% 
of ABWs 
(%) 
Number of 
estimates 
within 20% 
of ABWs 
(%) 
Proposed models 
Model (1) 586.94 18.03 21.44 16.83 
Non-normal 
(p-value < 0.01) 
35 57 
Model (2) 505.83 15.41 19.21 15.64 39 60 
Model (3) 482.82 14.67 18.57 14.90 39 62 
Model (4) 502.17 15.29 19.11 15.39 39 61 
Model (5) 444.40 13.36 16.47 13.70 41 66 
Existing clinical models 
Johnson-Toshach 
(1957) (Johnson 
1957) 
694.08 21.49 24.34 19.40 
Non-normal 
(p-value < 0.01) 
32 51 
Risanto I (1995) 
(Siswosudarmo 
1995) 
624.79 19.19 21.06 17.07 32 54 
Risanto II (2014) 
(Siswosudarmo & 
Titisari 2014) 
619.73 19.02 20.87 16.85 32 55 
Niswander (1970) 
(Niswander, 
Capraro & Van 
Coevering 1970) 
989.68 30.95 31.60 27.42 12 36 
Mod Niswander 
(1999) (Farid & 
Sukarya 1999) 
864.82 26.85 27.25 24.87 13 39 
Mhaskar (2003) 
cited in (Gayatri & 
Afiyanti 2004) 
1127.41 35.43 36.18 31.47 10 30 
Gayatri (2006) 
(Gayatri & Afiyanti 
2006) 
822.60 25.47 25.82 23.53 12 43 
Buchmann-Tlale 
(2009) (Buchmann 
& Tlale 2009; 
Rusdy et al. 2014) 
922.60 28.68 28.87 26.67 7 33 
Santjaka (2011) 
(Santjaka & 
Handayani 2011) 
-1972.38 -64.11 64.12 65.67 1 3 
Mongelli-Gardosi 
(2004) (Mongelli & 
Gardosi 2004) 
1948.78 61.70 61.70 60.33 0 1 
Yiheyis (2016) 
(Yiheyis, 
Alemseged & 
Segni 2016) 
970.28 30.33 31.14 27.78 14 37 
Existing ultrasound models 
Jordaan (1983) 648.92 19.88 30.53 26.18 Non-normal 24 41 
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(Jordaan 1983) (p-value < 0.01) 
Weiner II (1985) 
cited in (Abele et 
al. 2010) 
1278.42 40.05 40.92 40.77 14 28 
Hadlock (1984) 
(Hadlock et al. 
1984) 
869.88 26.98 34.23 28.35 22 39 
Hadlock (1991) 
(Hadlock, Harrist 
& Martinez-Poyer 
1991) 
889.79 27.61 33.88 27.67 22 42 
Stirnemann (2017) 
(Stirnemann et al. 
2017) 
937.19 29.14 35.39 30.13 21 40 
Sotiriadis (2018) 
(Sotiriadis et al. 
2018) 
1020.03 31.75 34.03 27.72 23 43 
 
Table 41 and Figure 20 again confirm similar outcomes of prediction accuracy for GA between 
24 and 40 weeks. 
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Figure 20 MEDAPEs of the proposed and existing models (24 - 40 weeks) 
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At labour or prior to delivery time  
Between 32 and 42 weeks of GA  
Using the multiple criteria measures, the proposed Models (1)-(5) were validated and compared 
with the existing clinical and ultrasound models using 240 single measurements of prospective 
data (Figure 14) between 32 and 42 weeks of GA. The results are presented in Table 42 and 
Figure 21. It is expected that all models perform better during this period in predicting birth 
weight. 
 
Table 42 Accuracy of the proposed and existing models (32 - 42 weeks) 
Number of pregnant women = 240 (single measurement)  
Prediction error 
(ABW – EFWp) 
Mean 
(ME)  
(g) 
MPE 
(%) 
MAPE 
(%) 
MEDAPE 
(%) 
Error 
distribution 
Number of 
estimates 
within 10% 
of ABWs 
(%) 
Number of 
estimates 
within 20% 
of ABWs  
(%) 
Proposed models 
Model (1) 49.50 0.96 8.12 4.78 
Non-normal 
(p-value < 0.01) 
69 90 
Model (2) 57.69 1.22 8.14 4.95 69 90 
Model (3) 55.85 1.16 8.13 4.92 69 90 
Model (4) 57.54 1.21 8.14 4.94 69 90 
Model (5) 53.21 0.93 7.23 4.55 73 93 
Existing clinical models 
Johnson-Toshach 
(1957) (Johnson 
1957) 
81.43 2.02 8.35 5.00 
Non-normal 
(p-value < 0.01) 
 
68 87 
Risanto I (1995) 
(Siswosudarmo 
1995) 
171.24 4.79 8.54 6.37 70 88 
Risanto II (2014) 
(Siswosudarmo & 
Titisari 2014) 
172.22 4.81 8.52 6.41 70 89 
Niswander (1970) 
(Niswander, 
Capraro & Van 
Coevering 1970) 
449.01 13.79 15.26 14.32 26 78 
Mod Niswander 
(1999) (Farid & 
Sukarya 1999) 
463.54 14.12 14.96 13.94 25 80 
Mhaskar (2003) 
cited in (Gayatri & 
Afiyanti 2004) 
484.33 15.03 16.78 15.94 22 68 
Gayatri (2006) 
(Gayatri & Afiyanti 
2006) 
463.99 14.09 14.80 14.04 25 82 
Buchmann-Tlale 
(2009) (Buchmann 
& Tlale 2009; 
Rusdy et al. 2014) 
563.99 17.30 17.69 17.14 13 73 
Santjaka (2011) 
(Santjaka & 
Handayani 2011) 
-2398.55 -77.75 77.75 77.57 0 0 
Mongelli-Gardosi 
(2004) (Mongelli & 
Gardosi 2004) 
1432.63 45.47 45.47 46.66 1 2 
Yiheyis (2016) 416.10 12.75 14.54 13.33 32 78 
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(Yiheyis, 
Alemseged & 
Segni 2016) 
Existing ultrasound models 
Jordaan (1983) 
(Jordaan 1983) 
-516.71 -17.63 18.93 17.20 
Normal 
(p-value > 0.10) 
27 57 
Weiner II (1985) 
cited in (Abele et 
al. 2010) 
234.62 6.50 12.03 10.72 47 82 
Hadlock (1984) 
(Hadlock et al. 
1984) 
-353.88 -12.38 15.56 12.79 42 68 
Hadlock (1991) 
(Hadlock, Harrist 
& Martinez-Poyer 
1991) 
-280.36 -10.03 13.74 10.93 45 76 
Stirnemann (2017) 
(Stirnemann et al. 
2017) 
-289.47 -10.31 14.33 10.99 41 75 
Sotiriadis (2018) 
(Sotiriadis et al. 
2018) 
36.34 0.10 9.16 7.90 60 92 
 
Table 42 and Figure 21 show that the proposed models produced the least MEs, MPEs, MAPEs 
and MEDAPEs. In addition, the proposed models were more capable than the existing models 
in predicting foetal weight with 69-73% of the estimates falling within 10% of ABWs and 90-
93% of the estimates falling within 20% of ABWs.  
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Figure 21 MEDAPEs of the proposed and existing models (32 - 42 weeks) 
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4.3.4 Discussion 
 
The retrospective and prospective studies highlight that the use of combined maternal and 
estimated foetal biometric characteristics can provide a reliable estimate of delivery weights at 
different GAs. This result confirms the previous study that showed a significant association 
between birth weight and characteristics of mother and foetus (Njim et al. 2015). However, the 
use of just the FH measurement can produce a more effective estimate of delivery weight with 
simple equipment and less cost. 
 
Both clinical and ultrasound measurements (actual or estimated) are used in the proposed 
models. Maternal FH measurement was selected as one of the clinical predictors as it is one of 
the most often recommended and accessible predictors for estimating foetal weight and 
monitoring foetal growth during pregnancy (Morse, Williams & Gardosi 2009; Parvin et al. 
2013; Siswosudarmo & Titisari 2014; Titisari & Siswosudarmo 2013). Although the clinical 
approach using FH screening has been reported as having low sensitivity for detecting growth 
and birth weight abnormalities (range 16 - 45%), it is a simple and inexpensive clinical activity 
(Curti et al. 2014; Papageorghiou et al. 2016; Pay et al. 2015; Sparks et al. 2011). This is 
especially true in rural areas where ultrasound machines and skilled personnel are not always 
available.  The utility of FH remains an important first level screening tool, widely used during 
routine ANC in both high and low income settings even though it has high false-negative rates 
for small for GA foetuses (Papageorghiou et al. 2016; Pay et al. 2015). 
 
In ultrasound settings, foetal biometric characteristics monitored during pregnancy include HC, 
biparietal diameter (BPD), occipitofrontal diameter (OFD), AC and femur length (FL). These 
characteristics are routinely measured by ultrasound every 5 weeks after the first initial dating 
scan (between 8 and 14 weeks gestation). The standard ranges for ultrasound measurements are 
14-18, 19-23, 24-28, 29-33, 34-38 and 39-42 weeks or at least once every trimester of 
pregnancy, i.e. weeks 10-14 (first trimester), 20-24 (second trimester) and 30-32 (third 
trimester) (Papageorghiou et al. 2016a; Postoev et al. 2015). However, in the absence of 
ultrasound facilities, particularly in primary health care settings with low resources, a reliable 
prediction of these characteristics during pregnancy can be a proxy for foetal biometrics and 
vitally improve the quality of ANC services and their foetal growth assessments which currently 
remain of low quality due to the gaps in the data (Gardosi 2011, 2012; Kerber et al. 2015; 
Moxon et al. 2015). 
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The foetal HC and foetal AC are widely recognised as the most influential predictors for 
predicting foetal weight (Abele et al. 2010; Dudley 2005; Hadlock et al. 1984; Hadlock et al. 
1985; Jordaan 1983). The results show that the best fit formulas to estimate these foetal 
characteristics at a given GA in the Indonesian population are those based on the Australian 
population (Westerway, Davison & Cowell 2000). 
 
To the best of our knowledge, in the majority of Indonesian primary health care centres where 
ultrasound facilities are not accessible, none of the existing ultrasound formulas have been 
adopted to estimate foetal HC and foetal AC. Therefore the formulas can potentially be 
deployed to fill in the gaps in the data on foetal growth during pregnancy. This would then 
enable informed intervention to be initiated at an early stage to prevent abnormal growth and 
delivery weights. 
 
Several techniques , such as centering, multiplying variables by various constants (scaling), the 
use of orthogonal polynomials and other transformations, are available to reduce collinearity 
(Kleinbaum et al. 2013). Recently automated machine learning, such as Genetic Algorithm, has 
also been applied instead of the conventional fractional polynomial approach to model multiple 
biometric variables of a foetus when these are highly correlated (Papageorghiou et al. 2016a). 
 
Salomon, Bernard and Ville (Salomon, Bernard & Ville 2007) have emphasised that a formula 
for estimating foetal weight should be simple and straightforward in order to be utilised by 
doctors and midwives and be easily understood by patients.  In this study, the best subset 
selection algorithm was simplest to use to prevent the inclusion of highly correlated variables 
and select the best subset of predictors to be included in the models.  
 
Based on the comparison analysis, the proposed Models (1), (2), (3), (4) and (5) produced the 
least MEs (between -0.2 and 50.4 g), and the lowest MAPEs (between 5.0 and 5.4 %) and 
MEDAPEs (between 4.1 and 4.5 %). The MPE steadily tended towards zero as the time interval 
between the last scan and birth decreased (Stirnemann et al. 2017). The MPEs ranged between 
-0.1 and -0.3% in those born within 0 day (retrospective study; n = 38) and ranged between 0.9 
and 1.2% in those born between 32 and 42 weeks of GA (prospective study; n = 241) which is 
lower than reported in previous research reported, −0.8% in those born within 1 day (n = 198) 
(Stirnemann et al. 2017). 
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The proposed models were unbiased for predicting weight between 35 and 41 weeks of GA 
(retrospective study) and between 32 and 42 weeks of GA (prospective study). In the 
retrospective group born within 0 days of the last measurements, the MAPEs ranged between 
5.0 and 5.4%, and the MEDAPEs between 4.4 and 4.5%, with 87-92% of the predicted weights 
falling within 10% of the true birth weights. Meanwhile in the prospective group, the MAPEs 
ranged between 7.2 and 8.1% and the MEDAPEs between 4.5-4.9%, with 69-73% of predicted 
weights falling within 10% of true birth weights, and 90-93% within 20%. These results indicate 
that the proposed models, particularly Models (1) and (5) which were developed based on FH 
only, produced comparable error than those developed based on ultrasound measurements. The 
most recent ultrasound-based study reported a MAPE of 7.6% in the group born within 1 day 
of the last ultrasound scan, with 80-95% of predicted weights falling within 11-18% of the true 
birth weights (Stirnemann et al. 2017).  
 
The comparison between the proposed Models (1) and (5) and the widely used Johnson-
Toshach model shows that Models (1) and (5) (developed based on Indonesian data) was more 
accurate in predicting the EFW than the Johnson-Toshach model (developed based on United 
States data). Furthermore, the Johnson-Toshach model requires knowledge of FS. The results 
(presented in Table 36 and Table 38 – Table 42) also show that the inclusion of FS in the model 
has not reduced the prediction errors in estimating foetal weight yet it does raise a subjectivity 
issue, unless there is a standard protocol to determine FS with less error (Bothner, Gulmezoglu 
& Hofmeyr 2000).  
 
The lack of data on recorded delivery weight at earlier GAs hinders better estimates of foetal 
weight (Dudley 2005; Stirnemann et al. 2017). Based on the validation analysis, Model (5) can 
predict foetal weight at different stages of pregnancy, even at earlier GAs, more effectively than 
the other proposed and existing models. Therefore the proposed Model (5) is recommended for 
deployment in Indonesia to obtain better estimates of foetal weight. Moreover the method used 
to derive Model (5) could well be repeated and validated for use in other countries with similar 
health systems and challenges. 
 
The comparison study confirms that the proposed Models (3) (based on FH and EHC) and (4) 
(based on FH and EAC) perform better than these ultrasound models: the Jordaan, the Weiner 
II, the Hadlocks, the Stirnemann and the Sotiriadis models. The incorporation of EHC or EAC 
increased R2 slightly (Table 33), but it did not improve the predicting accuracy (Table 36 and 
Table 38 – Table 42). However, access to these values will enable the practitioners to monitor 
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foetal growth during pregnancy where advanced equipment, such as ultrasound, is not always 
available. Consequently, detecting foetal growth abnormalities, such as small for GA, 
prematurity, intrauterine growth retardation and LBW during pregnancy will be possible. 
 
4.3.5 Summary 
 
This chapter has addressed the third and fourth research questions of the scientific tasks. The 
current models widely used, particularly in Indonesia, for estimating birth weight during the 
three stages of pregnancy based on maternal and foetal characteristics have been reviewed. 
Simple and more accurate prediction models to estimate foetal weight that can easily be 
implemented in rural Indonesian primary health care centres have been developed. Finally, the 
results of the subsequent validation of the proposed and existing models using both 
retrospective and prospective data sets have been described. It has been shown that foetal 
weight can be effectively and accurately estimated using the measurement of maternal FH. The 
proposed model can be easily applied in rural areas where advanced health equipment such as 
ultrasound is not always accessible.  
 
The next chapter, Chapter 5, addresses the remaining research questions 5, 6 and 7 of the 
scientific tasks. It will review the current control charts widely used for monitoring foetal 
growth during pregnancy. This is followed by discussion on the statistical challenges in 
implementing the existing foetal growth charts into clinical practice in Indonesian primary 
health care centres. An alternative chart for EFW will be developed to monitor and identify 
unusual foetal growth as soon as possible. 
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Chapter 5 Foetal growth monitoring during pregnancy 
 
 
This chapter aims to address research questions 5, 6 and 7. First, it will outline the most widely-
used foetal growth charts for monitoring the intrauterine development of the foetus during 
pregnancy. In this study, foetal growth is defined as the change of estimated foetal weight 
(EFW) at different gestational ages (GAs). Therefore the statistical models used to predict foetal 
weight will be specifically reviewed. As part of this review, the potential challenges for utilising 
the existing growth charts in Indonesian primary health care centres will also be discussed. This 
will be followed by a local evaluation of the weight prediction models used in the development 
of existing charts using Indonesian data. Finally, the development of an alternative growth chart 
for EFW based on clinical measurement (rather than ultrasound measurement) is presented.  
 
5.1 Review of existing foetal growth charts for estimated foetal weight  
 
5.1.1 Introduction 
Foetal growth is one of the key indicators for assessing foetal risk during pregnancy. The 
assessment of foetal growth has been well documented as one of the objectives of antenatal care 
(ANC) in order to reduce the risk of neonatal mortality and morbidity (Gardosi 2012; 
Papageorghiou et al. 2014; Papageorghiou et al. 2016). Monitoring the intrauterine 
development of the foetus at different stages of pregnancy, even at earlier GAs, is vital for early 
detection of growth abnormalities (Gardosi et al. 2018). In this way delays in making informed 
referrals, decisions and interventions can be minimised to ensure safe delivery and a positive 
pregnancy outcome. This is particularly crucial for those who are living in rural areas or settings 
with limited health resources. 
 
Birth weight is closely associated with foetal growth (Kiserud et al. 2017). The measurement 
of foetal weight during pregnancy is used to estimate the expected (normal) birth weight 
(Anggraini, Abdollahian & Marion 2018). Since foetal weight cannot be directly measured, its 
reliable estimation at different stages of pregnancy has become one of the important issues in 
obstetrics and gynaecology.  
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Access to routine data collection of EFW at a given GA is required to develop an evidence-
based foetal growth chart. The chart can then be used to assist medical practitioners to detect 
signs of potential growth abnormalities during pregnancy (Abdullah et al. 2015; MoH 2013a; 
RenfrewHomer, et al. 2014; RenfrewMcFadden, et al. 2014). In Indonesia, however, such data 
collection remains challenging and is one of the reasons for the absence of a standard foetal 
growth chart (Alisyahbana et al. 1994; Anggraini et al. 2018, 2019; National Research Council 
2013; Hull 2015).  
 
Standard references for EFW have been developed based on both individual-based (customised) 
and population-based (standard) foetal growth charts. These references are recommended for 
international use, particularly when local data are not available (Gardosi 2011; Kiserud et al. 
2017; Mikolajczyk et al. 2011; Papageorghiou et al. 2014; Papageorghiou et al. 2016; 
Stirnemann et al. 2017). One of these existing growth charts could perhaps fill the gap in 
Indonesia. However, as Anderson et al. (2016) and Kiserud et al. (2017) suggest,  it is important 
to assess the fitness of these charts for the Indonesian population.  
 
This section reviews the most prominent studies on foetal growth charts for EFW. In this 
review, the weight prediction models used to develop the charts are investigated. This is 
followed by discussion on the potential challenges when such surveillance tools are utilised in 
Indonesian primary health care centres or other settings with limited resources. 
 
5.1.2 Method 
In this study, a purposive literature review was performed to address research question 5. The 
method used was similar to the one explained in Chapter 4 (Section 4.1.2). However, in this 
section, the search was carried out for original research articles on foetal growth charts for 
EFW. The review was specifically focused on the statistical models used to predict foetal 
weight and the potential challenges when the charts are utilised in Indonesian health care centres 
where advanced health equipment and facilities are not always available, or indeed necessary.  
 
The selection criteria for the research articles used in this study were based on the sizes of the 
study population and the ways foetal growth charts were developed. This included both 
customised and standard approaches.  
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5.1.3 Results 
Five original research articles on the most prominent foetal growth charts for EFW were 
selected. Of these, two articles related to customised foetal growth charts and the remaining 
articles related to standard foetal growth charts (Figure 22). The selected articles for customised 
charts were: Customised antenatal growth charts (Gardosi et al. 1992) and An adjustable foetal 
weight standard (Gardosi et al. 1995), while the selected articles for the standard charts were: 
A global reference for foetal-weight and birth weight percentiles (Mikolajczyk et al. 2011); 
International estimated foetal weight standards of the Intergrowth-21st project (Stirnemann et 
al. 2017) and World Health Organisation foetal growth charts: a multinational longitudinal 
study of ultrasound biometric measurements and estimated foetal weight (Kiserud et al. 2017).  
 
 
 
 
 
 
 
Figure 22 Literature search – foetal growth charts 
 
The foetal weight prediction models used in the development of the selected growth charts 
have been reviewed and are listed in Table 43.
Purposive literature search 
for the most commonly used 
foetal growth charts  
(n = 5) 
Population-based 
(standard) approach 
(n = 3) 
 
Individual-based 
(customised) approach 
(n = 2) 
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Table 43 Selected studies on foetal growth charts for estimated foetal weight 
 
Authors  
Types of foetal 
growth chart* and 
lengths# 
Study design Settings Participants Foetal weight prediction models used to develop the growth charts  
Gardosi et al. 
(1992) 
 
Customised antenatal 
growth chart* 
 
28 - 42 weeks of GA# 
Retrospective 
study 
The Queen’s 
Medical Centre, 
Nottingham, 
UK 
4,179 sequential 
records of live 
singleton deliveries 
between 1989 and 
1990 
 
The prediction model was based on:  
 
1. Campbell & Wilkin (1975): 
 
𝐸𝐹𝑊 (𝑘𝑔) = 𝑒(−4.564+𝐴𝐶×(0.0282−𝐴𝐶×0.0000331)) 
 
2. Hadlock et al. (1985): 
 
𝐸𝐹𝑊 (𝑔) = 10(1.304+0.005281×𝐴𝐶+0.01938×𝐹𝐿−0.00004×𝐴𝐶×𝐹𝐿) 
𝐸𝐹𝑊 (𝑔) = 10(1.335−0.000034×𝐴𝐶×𝐹𝐿+0.00316×𝐵𝑃𝐷+0.00457×𝐴𝐶+0.01623×𝐹𝐿) 
𝐸𝐹𝑊 (𝑔) = 10(1.326−0.0000326×𝐴𝐶×𝐹𝐿+0.00107×𝐻𝐶+0.00438×𝐴𝐶+0.0158×𝐹𝐿) 
𝐸𝐹𝑊 (𝑔)
= 10(1.3596−0.0000386×𝐴𝐶×𝐹𝐿+0.00064×𝐻𝐶+0.0000061×𝐵𝑃𝐷×𝐴𝐶+0.00424×𝐴𝐶+0.0174×𝐹𝐿) 
 
 
3. Mongelli & Gardosi (2004): 
 
𝑙𝑛(𝐸𝐹𝑊)(𝑔) = 10.6857 − 100.25 𝐹𝐻⁄  
Where: 
𝐸𝐹𝑊 = estimated foetal weight (kg or g) 
𝐵𝑃𝐷 = biparietal diameter (mm) 
𝐻𝐶 = head circumference (mm) 
𝐴𝐶 = abdominal circumference (mm) 
𝐹𝐿 = femur length (mm) 
𝐹𝐻 = fundal height (cm) 
Gardosi et al. 
(1995) 
Adjustable 
intrauterine weight 
standard* 
 
24 - 42 weeks of GA#  
Retrospective 
study 
University and 
City Hospitals, 
Nottingham; 
Derby City 
Hospital, Derby, 
UK 
38,114 singletons, 
routine ultrasound-
dated pregnancies 
resulting in term 
deliveries recorded 
between 1987 and 
1991 
The prediction model was based on: 
 
Hadlock, Harrist & Martinez-Poyer (1991): 
 
𝐸𝐹𝑊 = 𝑒(0.578+0.332×𝐺𝐴−0.00354×𝐺𝐴
2) 
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 This formula was developed based on the relationship between EFW and GA. 
The EFW was calculated based on Hadlock et al. (1985) formula (using 
combined information of four foetal biometric measurements: BPD, HC, AC 
and FL) written as: 
 
𝐸𝐹𝑊
= 10(1.3596−0.0000386×𝐴𝐶×𝐹𝐿+0.00064×𝐻𝐶+0.0000061×𝐵𝑃𝐷×𝐴𝐶+0.00424×𝐴𝐶+0.0174×𝐹𝐿) 
 
They used ultrasound measurements between 10 and 41 weeks of 392 
European pregnant women. 
 
Where: 
EFW = estimated foetal weight (g) 
GA = gestational age (in exact weeks; e.g. 39 weeks + 5 days = 39.7 weeks);  
BPD = biparietal diameter (mm) 
HC = head circumference (mm) 
AC = abdominal circumference (mm) 
FL = femur length (mm) 
Mikolajczyk 
et al. (2011) 
A global reference for 
foetal weight and 
birth weight 
percentiles* 
 
24 - 42 weeks of GA# 
Retrospective 
study  
24 countries in 
Africa, Latin 
America, and 
Asia (the 2004-
2008 WHO 
Global Survey 
Data on 
Maternal and 
Perinatal 
Health) 
237,025 live 
singleton births 
 
This study has used the same statistical models to estimate foetal weight as 
Gardosi et al. (1995) above. 
Stirnemann et 
al. (2017) 
International 
estimated foetal 
weight standards* 
 
22 - 40 weeks of GA# 
Prospective 
longitudinal 
observational 
study (the 
Intergrowth 
21st project) 
Multicentre, 
multiethnic, 
population-
based foetal 
growth 
longitudinal 
study (FGLS) 
and foetal study 
(FS) between 
April 27, 2009 
and March 2, 
2,404 babies in the 
FGLS (n = 1556) 
and FS (n = 848) 
who were born at > 
24 weeks’ gestation 
and within 14 days 
of the last 
ultrasound scan 
The actual foetal weight at the time of the last scan was best estimated as a 
function of AC and HC with the following formula: 
 
𝑙𝑜𝑔(𝐸𝐹𝑊) = 5.084820 − 54.06633 × (
𝐴𝐶
100
)
3
− 95.80076 × (
𝐴𝐶
100
)
3
× 𝑙𝑜𝑔 (
𝐴𝐶
100
) + 3.136370 × (
𝐻𝐶
100
) 
 
Where: 
𝐸𝐹𝑊 = estimated foetal weight (g) 
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2014 in 8 sites 
in 8 countries 
(Pelotas, Brazil; 
Turin, Italy; 
Muscat, Oman; 
Oxford, UK; 
Seattle, WA, 
USA; Shunyi 
County, China; 
Nagapur, 
Maharashtra, 
India; and 
Nairobi, Kenya) 
𝐴𝐶 = abdominal circumference (cm) 
𝐻𝐶 = head circumference (cm) 
𝐺𝐴 = gestational age (in exact weeks) 
The 𝑙𝑜𝑔 function designates the natural logarithm (base 𝑒, 𝑒 = 2.718) 
Kiserud et al. 
(2017) 
The World Health 
Organization (WHO) 
foetal growth charts 
for common 
ultrasound biometric 
measurements and 
estimated foetal 
weight* 
 
14 - 40 weeks of GA# 
Multinational 
prospective 
observational 
longitudinal 
study 
Multinational 
from 10 
countries in 
Africa, Asia, 
Europe, and 
South America 
(Argentine, 
Brazil, 
Democratic 
Republic of the 
Congo, 
Denmark, 
Egypt, France, 
Germany, India, 
Norway, and 
Thailand) 
1,362 of 1,439 
pregnant women 
with low-risk 
pregnancies and 
unconstrained 
nutritional and 
social background 
and contributed 
ultrasound 
information  
The prediction model was based on:  
 
Hadlock et al. (1985): 
 
𝐸𝐹𝑊 = 10(1.326−0.0000326×𝐴𝐶×𝐹𝐿+0.00107×𝐻𝐶+0.00438×𝐴𝐶+0.0158×𝐹𝐿) 
 
Where: 
EFW = estimated foetal weight (g) 
HC = head circumference (mm) 
AC = abdominal circumference (mm) 
FL = femur length (mm) 
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Table 43 outlines five well-known studies on foetal growth charts for EFW. The first and second 
columns represent the authors of the existing studies and the types and GA’s length of the 
developed charts. The third, fourth and fifth columns outline the study design, locations and 
populations. The last column identifies the foetal weight prediction models used to develop the 
growth charts.  
 
As can be seen from Table 43, two of the five selected charts [Gardosi et al. (1992); Gardosi et 
al. (1995)] were developed by considering individual characteristics that significantly influence 
foetal growth. These widely used charts are referred to as customised foetal growth charts. Both 
charts were derived from a retrospective study among the British population. 
 
The first customised foetal growth chart for EFW, between 28 and 42 weeks of gestation, was 
proposed by Gardosi et al. (1992) (Table 43 ). The chart was developed based on 4,179 live 
singleton deliveries recorded in the electronic database of the Queen’s Medical Centre, 
Nottingham, United Kingdom, between 1989 and 1990. To develop the chart, access to 
ultrasound measurements of foetal biometric characteristics and the minimum database of 
maternal and foetal characteristics that have potential impact on foetal growth was required. 
Also, information on maternal weight at first visit, height, parity, ethnicity and gender of 
foetus/neonate (if known) was needed.  
 
In the development of the first customised foetal growth chart, the EFW was derived from one 
or a combination of ultrasound measurements using statistical models suggested by Campbell 
and Wilkin (1975) and Hadlock, et al. (1985). The required foetal data were biparietal diameter 
(BPD), head circumference (HC), abdominal circumference (AC) and femur length (FL) (Table 
43). The Campbell and Wilkin’s prediction model was developed based only on the AC 
measured within 48 hours of delivery, whereas Hadlock et al.’s used information on at least two 
of the foetal characteristics examined between 3 and 7 days before delivery. One of these 
models (based on available foetal data) was used to predict foetal weight at different GAs. The 
predicted values of foetal weight were then plotted against GA to statistically develop the best 
fitted model that demonstrates the change in EFW in terms of GA using regression analysis. 
This optimal model was eventually used to calculate the percentiles (profile limits) for EFW.  
 
A clinically based prediction model using maternal fundal height (FH) was also proposed as an 
alternative to the ultrasound-based prediction models (Mongelli & Gardosi 2004) (Table 43). 
The model was developed based on regression analysis between EFW and FH. The EFW was 
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derived from the extrapolation technique of Campbell and Wilkin (1975) and the formulas of 
Hadlock, et al. (1985) which depended on ultrasound measurements of the foetus.  
 
A second type of customised foetal growth chart for EFW between 24 and 42 weeks of gestation 
was developed by Gardosi et al. (1995) (Table 43). This chart has been referred to as an 
individually adjustable intrauterine weight standard. This is because it includes a model that 
links the predicted birth weight to a foetal weight curve. The chart was developed based on 
38,114 live singleton deliveries recorded in the electronic databases of the University and City 
Hospitals (Nottingham), and Derby City Hospital (Derby), United Kingdom, between 1987 and 
1991.  
 
In the development of the second customised foetal growth chart, a statistical model suggested 
by Hadlock, Harrist and Martinez-Poyer (1991) was used to determine the profile limits for 
EFW. The model was developed based on the relationship between EFW and GA (Table 43). 
The EFW was derived from Hadlock, et al.’s (1985) model using information on four foetal 
characteristics, BPD, HC, AC and FL. The chart also required minimum information on 
maternal and foetal characteristics that influence foetal growth, similar to the ones mentioned 
in Gardosi et al. (1992). These characteristics were used to adjust the range of EFW for an 
individual pregnant woman. 
 
The remaining selected foetal growth charts for EFW were derived from either homogenous or 
heterogeneous populations but healthy, well-nourished and of low risk of adverse pregnancy 
outcomes at both population and individual levels. Unlike customised foetal growth charts, 
these charts were developed without considering individual variability. These charts are 
referred to as standard foetal growth charts. The most widely used charts of this type are those 
of Mikolajczyk et al. (2011), Stirnemann et al. (2017) and Kiserud et al. (2017) (Table 43).  
 
The first standard growth chart was proposed by Mikolajczyk et al. (2011) (Table 43). The chart 
was developed based on a retrospective study across 24 countries in Africa, Latin America and 
Asia. These countries were involved in the World Health Organisation (WHO) global survey 
on maternal and perinatal health between 2004 and 2008. The chart is referred to as a global 
(generic) reference for foetal weight and birth weight percentiles because it combines foetal 
weight estimation with the notion of proportionality, as proposed by Gardosi et al. (1995). The 
chart can also be easily adjusted to the mean of birth weight at 40 weeks of gestation (the modal 
length of pregnancy or the gestation at which most birth weights were recorded) (Gardosi et al. 
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1992). Similar to the previous study by Gardosi et al. (1995), the profile limits for EFW were 
also developed based on regression analysis between EFW and GA using Hadlock, et al.’s 
(1991) model.  
 
The second standard growth chart was proposed by the Intergrowth 21st project (Stirnemann et 
al. 2017). This project was based on prospective, longitudinal and observational studies of foetal 
growth across multi-centre and multi-ethnic populations in eight countries: Brazil, Italy, Oman, 
UK, USA, China, India and Kenya (Table 43). In their study, the foetal weight estimation was 
best developed based on AC and HC measured between 0 and 14 days before delivery. The 
profile limits for EFW were developed using the Generalised Additive Models for Location, 
Scale and Shape (GAMLSS) framework. 
 
The last standard growth chart was put forward by WHO (Kiserud et al. 2017). Their project 
was based on prospective, longitudinal and observational studies of foetal growth across 10 
countries in Africa, Asia, Europe and South America (Table 43). Similar to the previous studies 
by Gardosi et al. (1995) and Mikolajczyk et al. (2011), the WHO project also used the foetal 
weight estimation model proposed by Hadlock, Harrist and Martinez-Poyer (1991) to create the 
profile limits for monitoring the change of EFW in terms of GA. However, the selected formula 
for EFW was based on Hadlock, et al.’s (1985) that combines three (instead of four) foetal 
characteristics (HC, AC and FL) measured by ultrasound within 3-7 days of delivery. 
 
5.1.4 Discussion  
Foetal growth charts have not been introduced in the Indonesian first level of health care 
systems. Growth charts are also not included in the current maternal and child health (MCH) 
booklet (Buku KIA) that is used to monitor individual mother, foetus and newborn during ANC 
and postnatal care (Anggraini et al. 2018, 2019; MoH 2016a). This study, therefore, set out with 
the aim of filling this gap, first by reviewing the existing studies on foetal growth charts, 
particularly for EFW. Potential challenges when implementing such surveillance tools in 
Indonesian primary health care centres was also statistically reviewed. This local review is 
necessary to ensure the fitness and feasibility of the charts to the Indonesian population prior to 
their implementation (Anderson et al. 2016; Kiserud et al. 2017).  
 
Based on the literature review, the selected studies on foetal growth charts have used previously 
published ultrasound-based statistical models to estimate foetal weight. However, in the 
majority of limited resource settings, the provision of ultrasound machines and skilled 
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personnel is logistically not always available (Gardosi & Francis 1999; Papageorghiou et al. 
2016). It has already been noted that the ultrasound method to estimate foetal weight is not 
universally accessible in the current practice of ANC across Indonesian primary health care 
centres (Anggraini et al. 2018, 2019). This hinders foetal weight estimation using the ultrasound 
prediction models that are commonly used in the existing foetal growth chart studies. 
 
A foetal weight prediction model based on clinical measurement of FH has been proposed 
(Mongelli & Gardosi 2004). This model was used in the development of one of the existing 
customised foetal growth charts, as an alternative in the absence of ultrasound facilities. The 
model was constructed based on a linear relationship between EFW and FH which was 
measured simultaneously during the third trimester of pregnancy. However, the EFW was 
derived from the extrapolation technique of Campbell and Wilkin (1975) and the formulas of  
Hadlock et al. (1985) (Mongelli, Max & Gardosi 1996). Therefore the clinical-based prediction 
model proposed in their study still depends on ultrasound data. 
 
A minimum dataset of individual maternal, foetal and neonatal characteristics (Table 16, 
Chapter 3, Section 3.2) is required to utilise the existing customised foetal growth charts. This 
information is used to derive the regression coefficients for adjusting the term optimal weight 
(Gardosi et al. 1992). However, access to this information remains challenging in most 
developing countries, particularly in the majority of Indonesian primary health care centres, due 
to low quality in the routine collection of ANC data (Anggraini et al. 2018, 2019).  
 
As already show above (Chapter 3, Section 3.1.3), the average amount of recorded ANC data 
across primary health care providers in the South Kalimantan province, between 2012 and 2016, 
was approximately 17.5% (Anggraini et al. 2018). This result is lower than the national reported 
figure of 42.5% (Achadi & Jones 2014). For this reason the existing customised foetal growth 
charts are less applicable in Indonesia. 
 
5.1.5 Summary 
This section has reviewed the existing foetal growth charts for EFW using a purposive literature 
study. The potential challenges in implementing such surveillance tools in Indonesian primary 
health care centres were also investigated. The results showed that customised and standard 
foetal growth charts for EFW have been developed and are highly recommended for 
international use when local data are not available. The charts can be used to monitor foetal 
growth, defined as the change in EFW with GA. If access to ultrasound measurement of foetal 
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biometric characteristics is limited this hinders foetal weight estimation using the existing 
models. Low quality data (missing or incomplete records) on the minimum data requirements 
on individual maternal, foetal and neonatal characteristics also makes the existing customised 
charts less applicable in the local setting. These have been identified statistically as some of the 
potential challenges in implementing the existing charts in the Indonesian primary health care 
centres.    
 
In the next section, the efficacy of the ultrasound-based prediction models (used in the existing 
foetal growth charts) to predict foetal weight will be evaluated using Indonesian data (when 
ultrasound measurement is available). The existing models and the proposed clinical model 
discussed in Chapter 4 (Section 4.3), i.e. Model (5), will also be compared and assessed. 
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5.2 Local evaluation of weight prediction models used in the development of existing 
foetal growth charts for estimated foetal weight 
 
5.2.1 Introduction 
This study is a continuation of the previous study (Section 5.1 above) which aimed to fill the 
gap created by the absence of foetal growth charts in Indonesian primary health care centres. It 
is expected that the objective can be achieved by either utilising one of the existing growth 
charts or developing a suitable one. However, based on the review carried out in Section 5.1, it 
is suggested that the existing charts for estimated foetal weight (EFW) could not be easily 
implemented in the local population unless foetal data (based on ultrasound measurement) were 
available to predict the weight at different gestational ages (GAs). 
 
A reliable foetal weight prediction model is one of the key elements in developing a growth 
chart.  Therefore, before developing an alternative foetal growth chart, this section will evaluate 
the efficacy of the ultrasound-based prediction models (used in the development of the existing 
charts) using the Indonesian data (when foetal data are accessible). Multiple comparisons were 
also carried out between the existing models and one of the proposed clinical-based models, i.e. 
Model (5), that has been developed and discussed in Chapter 4 (Section 4.3). The aim was to 
select the most suitable and effective model for estimating foetal weight at a given GA. 
 
5.2.2 Method 
This study has used the same research method as the one explained in Chapter 4 (Section 
4.3.2.2). However, there have been some adjustments in the settings, procedures, data collection 
and statistical analysis to achieve the study objective.   
  
Settings 
This study was conducted in one of the twenty selected primary health care centres that has 
access to both ultrasound measurement of foetal biometric characteristics and clinical 
assessment of FH at a given GA (Figure 23). 
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Procedures 
Since an ultrasound machine is available in the participating centre, the estimated GA based on 
last menstrual period (LMP) could then be confirmed by the measurement of foetal crown rump 
length (CRL) using ultrasound. In addition to the standard procedures, at each visit, the 
recommended foetal biometric characteristics, such as head circumference (HC), biparietal 
diameter (BPD), abdominal circumference (AC) and femur length (FL), were measured using 
ultrasound (Gardosi et al. 1992; Kiserud et al. 2017; Papageorghiou et al. 2014; Papageorghiou 
et al. 2014; Stirnemann et al. 2017; WHO 2016). 
 
Data collection 
This study used both clinical and ultrasound data to validate the existing and proposed models 
for estimating foetal weight. All measurements (from the beginning of pregnancy to delivery) 
were performed by the dedicated midwife who runs the centre. This midwife has had both 
ultrasound, and scientific and technical training (Anggraini et al. 2018, 2019). The selected 
midwife is experienced and has been involved in the provision and delivery of ANC services 
for a minimum of five years (actually 22 years).  
 
To obtain the study objective, additional inclusion criteria were used for analysis. These 
involved the ultrasound measurement of the foetus during pregnancy; GA based on the LMP is 
within 7 days or 1 week agreement with GA based on ultrasound (Kiserud et al. 2017; 
Papageorghiou et al. 2014; Stirnemann et al. 2017) and time lapse between the last ultrasound 
scan and delivery is within 35 days or 5 weeks, i.e. this is the maximum allowable time lapse 
interval (Mongelli, Max & Gardosi 1996; Spinnato, Allen & Mendenhall 1988). The selection 
process is shown in Figure 23.  
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Figure 23 Recruitment of participants (prospective study) 
Data recorded prior to/ 
at delivery time 
(n = 29) 
 
Data recorded during different 
stages of pregnancy 
(n = 29 with 186 observations) 
 
Excluded (n=1): 
Low birth weight (LBW) 
Excluded (n = 10) when: 
1. No information on GA, FH, FS, foetal HC, 
foetal BPD, foetal AC, foetal FL, ABW 
and newborn gender (n = 4). 
2. FH < 12 cm and FH > 38 cm 
(Papageorghiou et al. 2016) (n = 1). 
3. GA based on the first day of the last 
menstrual period (LMP) is not within 7 
days or 1 week agreement with GA based 
on ultrasound (Kiserud et al. 2017; 
Papageorghiou et al. 2014; Stirnemann et 
al. 2017) (n = 2). 
4. Time lapse between the last ultrasound 
scan and delivery is not within 35 days or 
5 weeks, the maximum allowable time-
lapse interval (Mongelli & Gardosi 1996; 
Spinnato, Allen & Mendenhall 1988) 
(n = 6). 
 
Single measurement prior to/at delivery 
time between 33 and 40 weeks of gestation 
(n = 19) 
 
Repeated measurement during different stages of pregnancy 
between 16 and 38 weeks of gestation 
(n = 19 with 53 observations) 
      
Excluded (n = 10 with 133 
observations) when: 
1. No information on gestational age 
(GA), fundal height (FH), foetal 
station (FS), foetal head 
circumference (HC), foetal 
biparietal diameter (BPD), foetal 
abdominal circumference (AC), 
foetal femur length (FL), actual 
birth weight (ABW) and newborn 
gender (n = 29 with 126 total 
observations). 
2. FH < 12 cm and FH > 38 cm 
(Papageorghiou et al. 2016) (n = 
29 with 76 total observations). 
3. Pregnant women who do not meet 
the inclusion criteria in single 
measuremnent (n = 10 with 7 
observations). 
 
Prospective cohort study 
(1 June 2016 – 30 June 2017) 
(n = 483) 
Number of pregnant women recorded from  
6 independent midwifery practices (IMPs) 
(n = 137) 
 
Number of pregnant women 
recorded from 3 urban PHCs  
with no ultrasound facility 
(n = 63) 
 
 
Number of pregnant women recorded 
from 14 public health centres (PHCs) 
(n = 346) 
 
Number of pregnant women 
recorded from 11 rural PHCs 
with no ultrasound facility 
(n = 283)  
 
Number of pregnant women 
recorded from 1 rural IMP  
with ultrasound facility 
 (n = 30) 
 
Number of pregnant women 
recorded from 5 urban IMPs  
with no ultrasound facility 
 (n = 107) 
 
Number of pregnant women 
included in the study 
(n= 29) 
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Statistical analysis 
A comparison study was carried out between the existing and the proposed models using the 
deidentified prospective data. The existing models were developed based on data recorded 
within one week of delivery (Campbell & Wilkin 1975; Hadlock et al. 1985) and within 14 days 
of the last ultrasound scan (Stirnemann et al. 2017) while the proposed model was developed 
based on FH measurement recorded between 32 and 41 weeks.  
 
The accuracy measures used in this study were similar to those explained in Chapter 4 
(Equations 5-6 and 8-10). In this study, however, a two-sample F-test was added to investigate 
if there is a significant difference in variances of prediction errors between the existing and 
proposed models. 
 
5.2.3 Results 
Between 1 June 2016 and 30 June 2017, there were 30 pregnant women who regularly attended 
antenatal care (ANC) and gave birth at the selected centre. One (3%) pregnant woman was 
excluded from the analysis due to a low birth weight (LBW) newborn (< 2500 g). Ten women 
(33%) were excluded from the validation analysis due to unmet inclusion criteria (Figure 23). 
 
General information on the study population 
Descriptive statistics of the study population n = 19 are presented in Table 44. All pregnant 
women included in this study followed the minimum recommendation of ANC visits (8 visits). 
Overall, the pregnant women were between 23 and 32 years old (73.7%), well-nourished with 
middle upper arm circumference (MUAC) ≥ 23.5 cm (84.2%), multiparous (68.4%) and had 
normal body mass index (BMI) at first visit of ANC (between 18.5 and 24.9 kg/m2) (73.7%). 
Of these 19 women, 16 (84.2%) delivered the baby through spontaneous (normal) mode, 
between 37 and 44 weeks, and 15 (79%) were assisted by midwives.  
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Table 44 Baseline characteristics and antenatal events  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Local validation: using Indonesian ANC data recorded between 16 and 38 weeks (during 
pregnancy) 
 
The prediction accuracy of the existing and proposed models was assessed using the prospective 
data of 19 pregnant women recorded at different stages of pregnancy (between 16 and 38 weeks, 
with 53 observations). The results are presented in Table 45. 
  
Characteristic Mean (Standard deviation) No of women (%)  
Number of antenatal care (ANC) 
visits 
8 (2.3) 19 (100%) 
Sex of neonate   
Male - 14 (73.7) 
Female - 5 (26.3) 
Gestational age (GA)  
at delivery (weeks) 
38 (1.5)  
Premature birth (<37 weeks) - 3 (15.8) 
Term birth (37-44 weeks) - 16 (84.2) 
Maternal age (years) 28 (5.3)  
13-22 - 2 (10.5) 
23-32 - 14 (73.7) 
33-42 - 3 (15.8) 
More than 42   
Maternal body mass index (BMI) 
at first visit (kg/m2) (Enomoto et 
al. 2016)  
22.7 (2.9)  
Underweight (<18.5) - 1 (5.3) 
Normal (18.5-24.9) - 14 (73.7) 
Overweight (25-29.9) - 4 (21.0) 
Maternal nutritional status    
Chronic energy shortage  
(if middle upper arm circumference 
(MUAC) < 23.5 cm) 
- 
1 (5.3) 
Normal  
(if MUAC ≥ 23.5 cm) 
- 
16 (84.2) 
Not stated - 2 (10.5) 
Birth order (Parity)   
1st birth (Nulliparous) - 6 (31.6) 
2nd or greater (Multiparous) - 13 (68.4) 
Mode of delivery   
Spontaneous - 16 (84.2) 
Sectio caesarean  - 3 (15.8) 
Birth attendance   
Midwife - 15 (79.0) 
Specialist/obstetrician - 4 (21.0) 
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Table 45 Accuracy of the existing and proposed models (16 - 38 weeks) 
Number of pregnant women = 19 (53 observations)  
Prediction error 
(ABW – EFWp) 
Mean 
(ME) 
(g) 
Mean 
percentage 
(MPE) 
(%) 
Mean 
absolute 
percentage 
(MAPE) 
(%) 
Median 
percentage 
(MEDPE) 
(%)  
Median 
absolute 
percentage 
(MEDAPE) 
(%) 
Number of 
estimates 
within 10% 
of ABWs  
(%) 
Number of 
estimates 
within 20% 
of ABWs 
(%) 
Proposed clinical 
model 
     
  
Model (5): FH 1,163.36 36.17 37.46 34.78 34.78 4 23 
Existing 
ultrasound models 
     
  
Campbell and 
Wilkin (1975): AC 
1,735.93 54.50 55.47 55.12 55.12 4 11 
Hadlock (1985) I: 
AC and FL 
1,861.86 58.69 58.69 59.92 59.92 6 8 
Hadlock (1985) II: 
AC, BPD, and FL 
1,849.20 58.30 58.36 60.54 60.54 6 8 
Hadlock (1985) III: 
AC, HC, and FL 
1,890.65 59.65 59.66 60.77 60.77 4 6 
Hadlock (1985) IV: 
AC, BPD, HC, and 
FL 
1,875.13 59.15 59.21 60.87 60.87 4 6 
Stirnemann (2017): 
HC and AC 
1,888.09 59.49 59.58 61.96 61.96 2 6 
 
Table 45 shows that the mean prediction error (ME) recorded for the proposed model are 
significantly smaller (1,163.4 g) than those recorded for the existing models                         
(1,735.9-1,890.7 g). The MPE and MAPE recorded for the proposed model are significantly 
smaller: 36.2% and 37.5%, than those recorded for the existing models (> 50%). Similarly, the 
MEDPE and MEDAPE recorded for the proposed model (34.8%) are significantly smaller than 
those recorded for the existing models (> 50%). The visual comparison of the MEDAPEs can 
be seen in Figure 24. 
 
Table 45 also shows a smaller number of predictions falling within 10 % and 20% of ABWs 
for all models. This is because the estimation of foetal weight was made during the period of 
pregnancy (from 16 to 38 weeks). However, from Figure 24, it can be concluded that the 
proposed model is significantly more capable (less error) than the existing models in predicting 
foetal weight during pregnancy, even at earlier GAs. It also can be seen from Figure 24 that the 
prediction errors are less pronounced when the pregnancy reaches advanced GAs (more than 
36 weeks).  
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Figure 24 MEDAPEs of the proposed and existing models (16 - 38 weeks) 
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A two-sample F-test for variances and two-sample T-test for mean differences was also 
performed (Table 46). The results show that there is a significant difference in variances and 
means of prediction errors between the existing and proposed models during pregnancy (p-
value < 0.05). This is except for the variance between the proposed model and Stirnemann et 
al.’s (2017) model (p-value = 0.128). 
Table 46 Two-sample F-test and T-test results ( 16 - 38 weeks) 
Sample 
(n = 19 pregnant women with 53 
observations) 
Ratio of 
variances 
Levene 
test  
(P-value) 
Estimate 
for 
difference 
(g) 
Degree 
of 
freedom 
T-value P-value 
EFWModel (5) and  EFWCampbell and Wilkin (1985) 0.541 0.002 -573 95 -3.57 0.001 
EFWModel (5) and  EFWHadlock (1985) I 0.626 0.011 -698 98 -4.56 < 0.0005 
EFWModel (5) and  EFWHadlock (1985) II 0.612 0.010 -686 98 -4.45 < 0.0005 
EFWModel (5) and  EFWHadlock (1985) III 0.648 0.019 -727 99 -4.80 < 0.0005 
EFWModel (5) and  EFWHadlock (1985) IV 0.629 0.014 -712 98 -4.66 < 0.0005 
EFWModel (5) and  EFWStirnemann (2017) 0.751 0.128 -725 101 -5.00 < 0.0005 
*The p-value < 0.05 indicates a significant difference 
 
Local validation: using Indonesian ANC data recorded between 33 and 40 weeks (prior 
to or at delivery)  
 
The prediction accuracy of the existing and proposed models was also assessed using the 
prospective data recorded between 33 and 40 weeks. The results are presented in Table 47. 
 
Table 47 Accuracy of the existing and proposed models (33 - 40 weeks) 
Number of pregnant women = 19 (19 observations) 
Prediction error 
 (ABW – EFWp) 
Mean 
(ME) 
 (g) 
Mean 
percentage 
(MPE) 
(%) 
Mean 
absolute 
percentage 
(MAPE) 
(%) 
Median 
percentage 
(MEDPE) 
(%)  
Median 
absolute 
percentage 
(MEDAPE) 
(%) 
Number of 
estimates 
within 10% 
of ABWs 
(%) 
Number of 
estimates 
within 20% 
of ABWs 
(%) 
Proposed clinical 
model 
     
  
Model (5): FH 235.09 7.08 11.44 10.52 11.09 42 84 
Existing 
ultrasound 
models 
     
  
Campbell and 
Wilkin (1975): AC 
272.18 8.46 11.69 11.61 12.03 
42 89 
Hadlock (1985) I: 
AC and FL 
269.76 8.28 15.24 12.34 15.06 
26 84 
Hadlock (1985) II: 
AC, BPD, and FL 
247.37 7.58 14.86 11.00 12.45 
26 79 
Hadlock (1985) 
III: AC, HC, and 
FL 
338.45 10.50 15.36 13.59 14.72 
26 84 
Hadlock (1985) 
IV: AC, BPD, HC, 
and FL 
299.07 9.24 15.12 12.98 13.07 
26 79 
Stirnemann 
(2017): HC and 
AC 
503.58 16.04 17.61 18.55 18.55 
21 58 
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Table 47 shows that the ME recorded for the proposed model is smaller (235.1 g) than those 
recorded for the existing models (247.4-503.6 g). The MPE and MAPE recorded for the 
proposed model are significantly smaller [7.1% (95% CI, 1.6 to 12.5%) and 11.4% (95% CI, 
8.3 to 14.6%), respectively] than those recorded for the existing models. Similarly, the MEDPE 
(10.5%) and MEDAPE (11.1%) recorded for the proposed model are smaller than those 
recorded for the existing models. Therefore, it can be concluded that the proposed model is 
capable of predicting foetal weight between 33 and 40 weeks of pregnancy with less error when 
compared with the existing models. The MEDAPE comparison is shown as a graph in Figure 
25. 
 
Table 47 also presents the prediction ability of the existing and proposed models in terms of the 
number of predictions falling within 10% and 20% of ABWs. Overall, the proposed model is 
comparable with the existing models in accurately predicting birth weight (between 33 and 40 
weeks). The proposed model produced up to 42% of estimates falling within 10% of ABWs. 
This capability is comparable with the existing Campbell and Wilkin (1975) model but higher 
than all the other existing models from Hadlock, F et al. (1985) and Stirnemann et al. (2017). 
 
When the limit of prediction accuracy was relaxed to 20% of ABWs, the proposed model has 
up to 84% of its estimates falling within the range. The proposed model is significantly 
comparable to the Hadlock et al. (1985) models I and III in predicting foetal weight, and even 
better than the Hadlock models II and IV (79%) and the Stirnemann et al. (2017) (Table 47). 
Although, the Campbell and Wilkin (1975) model was slightly more capable in the proportion 
of predicted birth weights falling within 20% of ABWs (89%), it has slightly higher prediction 
errors compared to the proposed model. 
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Figure 25 MEDAPEs of the proposed and existing models (33 - 40 weeks) 
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Furthermore, two-sample F-test for variances and two-sample T-test for mean differences were 
also performed between 33 and 40 weeks (Table 48). The results show that there is no 
significant difference in variances and means of prediction errors between the existing and 
proposed models (p-value > 0.05), except for the mean between the proposed model and 
Stirnemann et al. (2017) model (p-value = 0.032). 
 
Table 48 Two-sample F-test and T-test results (33 - 40 weeks) 
Sample size n = 19 
Ratio of 
variances 
Levene 
test  
(P-value) 
Estimate 
for 
difference 
(g) 
Degree 
of 
freedom 
T-value P-value 
EFWModel (5) and  EFWCampbell and Wilkin (1985) 0.979 0.997 -37 36 -0.33 0.745 
EFWModel (5) and  EFWHadlock (1985) I 0.517 0.249 -35 36 -0.25 0.801 
EFWModel (5) and  EFWHadlock (1985) II 0.514 0.262 -12 36 -0.09 0.929 
EFWModel (5) and  EFWHadlock (1985) III 0.562 0.344 -103 36 -0.78 0.441 
EFWModel (5) and  EFWHadlock (1985) IV 0.541 0.313 -64 36 -0.48 0.637 
EFWModel (5) and  EFWStirnemann (2017) 0.773 0.806 -268 36 -2.23 0.032 
*The p-value < 0.05 indicates a significant difference 
 
 
Local evaluation: assessment of two prominent existing foetal growth charts (the 
Intergrowth 21st Project and WHO) for estimated foetal weight  
 
The existing foetal growth charts of the Intergrowth 21st project and the World Health 
Organisation (WHO) were applied to the prospective data (19 pregnant women with 53 foetal 
measurements by ultrasound). The results are shown in Figure 26 and Figure 27, with the red 
line being the 10th percentile, green the 50th and orange the 90th. 
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Figure 26 Intergrowth 21st Project foetal growth chart applied to an Indonesian population 
 
Figure 27 WHO foetal growth chart applied to an Indonesian population  
 
It can be clearly seen from Figure 26 and Figure 27 that both charts are comparable in fitting 
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the Indonesian data. The WHO chart (Figure 27) fits the local population more effectively than 
the one proposed by the Intergrowth 21st Project (Figure 26). This can be seen by looking at the 
distribution of raw observations falling within the 10th, 50th and 90th percentiles which is more 
uniform in the WHO chart than in the Intergrowth 21st Project chart.  
 
5.2.4 Discussion 
This study has assessed the accuracy of the ultrasound-based prediction models used in the 
development of the existing foetal growth charts and compared them with the proposed clinical 
model before implementation in the Indonesian population. Such a validation is highly 
recommended to ensure the fitness and practicability of charts for the local population 
(Anderson et al. 2016; Kiserud et al. 2017).  
 
Based on the comparison analysis, the proposed model produced less prediction errors than the 
existing models both during pregnancy (between 16 and 38 weeks) and prior to delivery 
(between 33 and 40 weeks). The recorded MPE was 7.1% in those born within the average of 
14 days (2 weeks between the last scan and birth) (n = 19) (Table 45). This error is smaller than 
in the previous research (-10.7%) on babies born exactly 14 days after the last scan (n = 196). 
In Chapter 4 (Section 4.3), it has been shown that this proposed model (based on FH only) 
produced less error compared with the existing clinical and ultrasound models (excluding the 
ones presented in this section). Therefore, the proposed model can be a potential weight 
prediction model to be used in the development of an alternative foetal growth chart for EFW. 
This is particularly significant for those who are living in rural areas where ultrasound is not 
always accessible.  
 
Ultrasound measurement, as a complement to the routine measurement of fundal height (FH), 
is necessary only if it is considered appropriate. Routine measurement of FH is recommended 
for low-risk pregnancies to screen the intrauterine development of the foetus (Papageorghiou 
et al. 2014; Papageorghiou et al. 2016; Petzold et al. 2004). On the other hand, ultrasound 
measurement of foetal characteristics is recommended only for high-risk pregnancies to 
monitor the growth of the foetus (Papageorghiou et al. 2014; Papageorghiou, et al. 2016).  
 
Two standard foetal growth charts for EFW, one proposed by the Intergrowth 21st Project and 
one by WHO, were evaluated for their fit to the Indonesian population (Kiserud et al. 2017; 
Stirnemann et al. 2017). Based on the analysis, both charts could potentially be implemented in 
Indonesian primary health care centres to monitor foetal growth provided that information on 
foetal biometric characteristics (required to estimate foetal weight) is available. The former 
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chart uses its own EFW based on AC and HC, while the latter chart uses the EFW model 
previously published  by Hadlock et al. (Hadlock et al. 1985), which is based on AC, HC and 
FL. How these charts were developed have been discussed in the previous section (Section 5.1). 
However, their practicality remains challenging for Indonesian ANC settings due to the lack of 
recorded data on foetal biometric characteristics during pregnancy (Anggraini, Abdollahian & 
Marion 2018; Anggraini et al. 2018, 2019). Therefore, an alternative weight prediction model 
using clinical measurement (rather than ultrasound measurement) is definitely required to 
develop a suitable foetal growth chart for EFW that can be easily implemented in the local 
primary health care centres or other settings with low health resources.  
 
5.2.5 Summary 
This study has evaluated the prediction accuracy of the ultrasound-based prediction models 
used in the development of the existing foetal growth charts for EFW and compared them with 
the proposed clinical-based prediction model using Indonesian data. The results show that the 
proposed model has comparable ability in predicting foetal weight with less error than the 
existing models and is in fact even more effective at earlier GAs than the existing models. 
Consequently the proposed model could be an alternative model to estimate foetal weight and 
develop a suitable foetal growth chart. The presence of this alternative chart would be 
particularly significant for those who are living in rural areas where ultrasound facilities are not 
always available. This would improve the quality of foetal risk assessment during pregnancy to 
detect foetal growth abnormalities and reduce the risk of adverse neonatal outcomes. 
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5.3 The development of an alternative foetal growth chart for estimated foetal weight 
in the absence of ultrasound  
 
5.3.1 Introduction 
The provision of foetal growth charts, particularly for estimated foetal weight (EFW), has been 
identified as one of the fundamental preventive actions to promote healthy human development 
and to prevent the risk of common non-communicable diseases in later life (Balbus et al. 2013; 
Kiserud et al. 2017). The impact of utilising the growth charts in clinical practice has been 
investigated (Anderson et al. 2016; Chiossi et al. 2017; Gardosi 2012; Gardosi et al. 2018; 
Gardosi et al. 2013). The results show a significant improvement in the detection of abnormal 
growth and a remarkable reduction in unnecessary referrals.  
 
The development of the existing charts was predominantly based on ultrasound-based formulas 
to estimate foetal weight using the information of foetal biometric characteristics. This has been 
reviewed and discussed in Section 5.1. However, most developing countries do not have such 
measurement due to limited access to ultrasound facilities, particularly in the first level of health 
care systems (Anggraini, Abdollahian & Marion 2018; Anggraini et al. 2018, 2019).  
 
As mentioned earlier, the development of foetal growth charts for EFW requires the utilisation 
of accurate weight prediction models to ensure the reliability of the profile limits constructed 
for EFW. The efficacy of the existing ultrasound-based prediction models to estimate foetal 
weight at different gestational ages (GAs) have been evaluated and compared with the proposed 
clinical-based model in the previous section (Section 5.2). It was shown that the proposed model 
can potentially be an alternative prediction model to estimate foetal weight at a given GA, even 
at earlier GAs. Therefore, it can be used to develop a suitable growth chart that can be easily 
implemented in settings with no ultrasound facilities. 
 
This section will, for the first time, propose an alternative foetal growth chart for EFW based 
on the relationship between EFW (using the proposed model) and GA. This will then be 
followed by analysis of the capability of the proposed chart in detecting abnormal patterns of 
foetal growth during pregnancy among normal and low birth weight (LBW) babies. 
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5.3.2 Method 
This study aims to address research question 6 by developing a suitable or an alternative foetal 
growth chart based on a weight prediction model that does not use ultrasound data. Capability 
analysis was also carried out to assess whether the proposed chart is capable of detecting 
abnormal patterns of foetal growth during pregnancy. This analysis addresses research question 
7. 
 
To achieve the research objectives, the same research method is used as the one explained in 
Chapter 4 (Section 4.3). However, there have been some adjustments in the procedures, data 
collection and statistical analysis to achieve the study objective. 
 
Procedures 
In this study, fundal height (FH) was to be measured at each visit using a non-elastic centimetre 
tape: starting from the fundus and running along the longitudinal axis of the uterus to the top of 
the symphysis or in the reverse direction. This standard is based on the routine practice care 
recommended by the Ministry of Health of Republic of Indonesia (2010a) and Morse, Williams 
and Gardosi (2009). As mentioned earlier, the measurement of FH at a given GA was performed 
once only or without any repetition due to time limitations in current clinical practice.  
 
Data collection 
Since the Johnson-Toshach model is not of interest in this study, having complete information 
on foetal station/descent level (FS) is not necessary. Also, ultrasound data on the foetus 
(available in one of the participating independent midwifery practices of IMPs) were not 
included in the analysis.  
 
Participants 
The recruitment process for participants is shown in Figure 28.  
 
In this study, the recommended antenatal care (ANC) examinations were measured at a given 
GA and recorded once only or without any repetition. Each pregnant woman also had different 
numbers of visits during the study. This means a longitudinal study which contains cross-
sectional data from the participants at each GA to represent the growth of an individual foetus 
on population basis. The data obtained in this longitudinal study would allow an evaluation of 
the variability of growth patterns within a given population. The total of 402 participating 
women provide the basis for the development of a true average growth curve. 
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Figure 28 Recruitment of study participants 
Number of pregnant women recorded from  
6 independent midwifery practices (IMPs) 
(n = 137) 
 
Number of pregnant women 
recorded from 3 urban PHCs  
(n = 63) 
 
Number of pregnant women recorded 
from 14 public health centres (PHCs) 
(n = 346) 
 
Number of pregnant women 
recorded from 11 rural PHCs  
(n = 283) 
 
Number of pregnant women 
recorded from 1 rural IMP  
(n = 30) 
 
Number of pregnant women 
recorded from 5 urban IMPs  
(n = 107) 
 
Number of pregnant women with singleton live births in the study 
(n = 435 with 3,616 observations) 
Excluded (n=16): 
Incomplete information  
Number of pregnant women 
recorded from 3 urban PHCs  
(n = 47) 
 
Excluded (n=10): 
Twins (n=2) 
Incomplete information (n=5) 
Abortion (n=3)  
 
Number of pregnant women 
recorded from 11 rural PHCs  
(n = 273) 
 
Number of pregnant women 
recorded from 5 urban IMPs  
(n = 85) 
 
Excluded (n=22): 
Abortion (n=3) 
Lost to follow up (moving) (n=1) 
Incomplete information (n=18) 
 
 
Number of observations prior 
to/at delivery time (n = 435) 
 
Number of observations during different 
stages of pregnancy (n = 2,469) 
 
Excluded (n=17): 
Low birth weight (LBW) (n = 16)  
No gender and birth weight information (n = 1) 
Number of observations during different 
stages of pregnancy (n = 2,370) 
 
Number of observations prior 
to/at delivery time (n = 418) 
 
Number of observations prior 
to/at delivery time (n = 416) 
 
Number of observations during different 
stages of pregnancy (n = 2,329) 
 
Excluded (n = 2): 
No measurements taken 
during pregnancy 
Number of observations prior 
to/at delivery time (n = 402) 
 
Number of observations during different 
stages of pregnancy (n = 1,408) 
 
Excluded (n = 14): 
No information on gestational age (GA), fundal height (FH). 
FH < 12 cm and FH > 38 cm (Papageorghiou et al. 2016). 
 
Prospective cohort study 
(1 June 2016 – 30 June 2017) 
(n = 483) 
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Statistical analysis 
Descriptive statistics 
Mean, standard deviation (SD), count and percentage were calculated to quantitatively depict 
the baseline information of the study population (n = 435). This includes number of ANC visits, 
maternal characteristics (age, body mass index (BMI), nutritional status and birth order or 
parity), neonatal characteristics (sex, GA at delivery and birth weight), mode of delivery and 
birth attendance.   
 
Model development 
A similar method of developing regression models to that explained in Chapter 4, Section 4.3 
was used in developing the relationship between EFW and GA, but with a different size for the 
study population. In this study, a Bernoulli distribution with the event probability (p) of 70% 
was used to randomly divide 1,408 FH measurements of 402 pregnant women into two data 
sets. The first data set consists of 989 EFW measurements of 385 pregnant women (training 
data) and the second data set consists of 419 (30%) EFW measurements of 282 pregnant women 
(testing data).  
 
Training data were used to develop the proposed linear and non-linear regression models. The 
curve estimation methodology together with coefficient of correlation (r), coefficient of 
determination (R2), adjusted coefficient of determination (R2-adjusted) and standard error of 
the estimate were deployed to identify the most suitable or optimal model (Anggraini, 
Abdollahian & Marion 2018; Deter et al. 1982; Hadlock, Harrist & Martinez-Poyer 1991; 
Sotiriadis et al. 2018). Analysis of variance (ANOVA) together with F-test and T-test statistics 
were used to simultaneously and partially confirm the significance of GA contribution in the 
regression models.  
 
Since the aim of this study is to develop an alternative foetal growth chart for EFW that does 
not use an ultrasound-based weight prediction model, the proposed clinical model (Model (5) 
discussed in Section 5.2) was used to estimate foetal weight at a given GA. The use of the 
proposed weight prediction model is one way to compensate for the impracticability of the 
existing prediction models that are mostly based on ultrasound measurement of the foetus. The 
estimated values of foetal weight were then plotted against GA to develop the optimal model 
of weight prediction based on GA using the curve fitting option in SPSS 23. The idea of this 
model development was to create the percentile limits (profile limits) for EFW. 
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Regression analysis using curve estimation was used to develop the relationship between EFW, 
estimated using the proposed clinical Model (5), and GA. The results are shown in Table 49. 
 
Table 49 presents a summary of ten potential models proposed to develop regression models 
between EFW and GA (EFW-GA) using curve estimation (linear, logarithmic, inverse, 
quadratic, cubic, compound, power, S, growth and exponential models). It can be seen from the 
correlation coefficient (r) and the adjusted coefficient of determination (R2-adjusted) that, 
overall, the proposed models had equal capability in predicting EFW based on GA (between 
0.83 and 0.85 and between 69.0 and 72.6%, respectively). Table 49 also presents the 
coefficients of the predictors for the developed models together with the corresponding p-values 
of ANOVA and t-test statistics.  
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Table 49 Regression models between EFW and GA  
Model 
Selection criteria Analysis of variance 
Dependent variable 
Independent variables and intercept 
r R2  
R2-
adjusted  
Standard 
error  of 
estimate 
(g) 
F-value Constant GA Ln (GA) 1/GA GA2 GA3 
Linear 0.848 0.719 0.719 312.037 2527.102*** EFW Model (5) 206.913*** 75.128*** - - - - 
Logarithmic 0.849 0.720 0.720 311.430 2540.802*** 
 
EFW Model (5) 
-4805.564*** - 2154.434*** - - - 
Inverse 0.831 0.690 0.690 327.556 2202.001*** 
 
EFW Model (5) 
4474.729*** - - 
-
56782.874*** 
- - 
Quadratic  0.851 0.725 0.724 308.968 1299.124*** EFW Model (5) -675.199** 137.173*** - - -1.035*** - 
Cubic# 0.852 0.726 0.726 308.312 1306.759*** EFW Model (5) -474.751*** 111.326*** - - -  -0.013*** 
Compound 0.837 0.700 0.700 0.144 2307.824*** Ln [EFW Model (5)] 880.526*** 1.034*** - - - - 
Power 0.848 0.719 0.718 0.139 2520.374*** Ln [EFW Model (5)] 93.253
*** - 0.960*** - - - 
S 0.841 0.708 0.707 0.142 2390.607*** Ln [EFW Model (5)] 8.680
*** - - -25.635*** - - 
Growth 0.837 0.700 0.700 0.144 2307.824*** Ln [EFW Model (5)] 6.781
*** 0.033*** - - - - 
Exponential 0.837 0.700 0.700 0.144 2307.824*** Ln [EFW Model (5)] 880.526
*** 0.033*** - - - - 
***Significant at p-value < 0.0005 
#Cannot be fitted due to near-collinearity among model terms 
 
 
For each individual model, the p-value corresponding to the independent predictors is significant (Table 49). However, since the cubic model cannot be 
fitted to the data due to near-collinearity issues, that model is excluded from selection of the best fit model. As a result, the quadratic model is the best 
fit model (it has the highest values of R = 0.851). The R2-adjusted (72.4%) shows a significant correlation between EFW and GA. This model also has 
the least standard error of prediction (309.0 g). Figure 29 shows a scatter plot between EFW (Y) and GA (X) for the best fit quadratic model together 
with its 95% confidence intervals. 
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Figure 29 Scatter plot for proposed quadratic model 
 
Evaluation of goodness-of-fit of the developed models based on GA 
Diagnostic tests of residuals were used to confirm the validity of the regression models. Many diagnostic tools have been proposed and recommended 
(Hynek et al. 2018). In this study, two methods were used to assess the normality of residuals: significance tests and visual methods. The Ryan-Joiner or 
Shapiro-Wilk test was applied as the most powerful normality test (Razali & Wah 2011) to compare the sample distribution to a normal curve, while a 
probability plot and histogram with normal curve fit were created to visually inspect the distribution of residuals.  
 
Diagnostic tests of residuals were carried out and the results are shown in Table 50.  Based on the Ryan-Joiner or Shapiro Wilk test, it was concluded 
that the residuals of all the proposed EFW-GA models were not normally distributed at alpha 5%. At alpha 1%, the linear model had normal residuals               
(p-value = 0.025). However, since the sample size is statistically large, non-normality should not cause major problems. This can be verified in the charts 
where the distribution of residuals using the probability plots are seen to be linear and the histograms are roughly symmetric. 
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Table 50 Analysis of residuals 
Normality test of residuals (n = 989) 
Model 
Ryan-Joiner 
or  
Shapiro-Wilk 
Mean 
Standard 
deviation 
(SD) 
P-value Probability plot Histogram with fit 
Linear 0.998 4.348 x 10-7 311.9 0.025 
  
Logarithmic 0.997 9.606 x 10-7 311.3 <0.010 
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Inverse 0.994 2.528 x 10-7 327.4 <0.010 
  
Quadratic  0.997 8.595 x 10-7 308.7 <0.010 
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Cubic# 0.997 4.146 x 10-7 308.0 <0.010 
  
Compound 0.997 20.41 326.5 <0.010 
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Power 0.997 20.52 312.2 <0.010 
  
S 0.997 23.43 310.4 <0.010 
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Growth 0.997 20.41 326.5 <0.010 
  
Exponential 0.997 20.40 326.5 <0.010 
  
 
 
The three most significant of the proposed EFW-GA models were selected (linear, logarithmic and quadratic models). The prediction accuracy of the 
selected models was then assessed using the testing dataset.  
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Efficacy assessment of the proposed foetal weight prediction models based on gestational 
age and comparison with the existing models 
 
The testing data set was used to validate and assess the efficacy of the proposed foetal weight 
prediction models based on GA. The accuracy measures used in this study were similar to those 
explained in Chapter 4 (Equations 5-6 and 8-10). In this study, however, the residual was 
calculated based on two scenarios. First, it was calculated based on the difference between the 
EFW based on FH (EFW-FH) (discussed in Section 5.2) and the EFW based on GA (EFW-
GA). Then it was calculated based on the difference between the actual birth weight (ABW) 
and the EFW-GA. Descriptive statistics (mean, SD and variation, i.e. in terms of a percentage 
of the mean) of the residuals at a given GA were calculated for further analysis. 
 
Multiple comparisons were then carried out between the proposed EFW-GA models and two 
existing ultrasound-based EFW-GA models (Hadlock, Harrist & Martinez-Poyer 1991; 
Sotiriadis et al. 2018) to select the most effective model in predicting EFW based on GA. The 
comparisons were presented in two periods: during pregnancy (between 13 and 42 weeks) and 
prior to or at delivery (between 32 and 42 weeks). 
 
Development of an alternative foetal growth chart for estimated foetal weight based on a 
clinical-based prediction model 
 
This study used the research procedures proposed by Mikolajczyk et al. (2011) to develop an 
alternative foetal growth chart for EFW. This existing method has been recommended by 
Gardosi (2011) to allow different countries (where reliable whole of population data are not 
available) to use their own population information to create the references rather than using 
reference curves based on different populations. However, the existing method adapted an 
ultrasound-based formula proposed by Hadlock, Harrist and Martinez-Poyer (1991) to predict 
EFW based on GA and create the profile limits for EFW. In this research, the proposed optimal 
quadratic EFW-GA model (Table 49) was used to develop the chart. The procedures are 
described below. 
1. The mean birth weight for infants born at 40 weeks in the local population (n = 402), or 
𝑀𝑊,𝐺𝐴=40 was calculated. The results are shown in Table 51. This mean value was derived 
from 402 pregnant women who delivered live singleton newborns with normal weight and 
had complete information of GA, ABW and FH (between 12 and 38 cm) (Papageorghiou, 
et al. 2016). 
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Table 51 Birth weight of neonates in the study population 
Gestational age 
at delivery 
(weeks) 
N Mean 
Standard 
deviation 
32  2 3050.0 70.7 
34 3 2833.3 305.5 
35 9 2944.4 377.9 
36 14 2908.9 256.4 
37 25 3027.2 298.6 
38 51 3126.7 285.5 
39 119 3142.1 360.2 
40 142 3178.4 322.0 
41 28 3112.3 377.4 
42 8 3448.8 467.7 
43 1 3300.0 . 
Total 402 3134.9 340.3 
 
Based on this study, at GA = 40 weeks, 𝑆𝐸𝑚 =
𝑆𝐷
√𝑁
=
322.0
√142
= 27.0 g, where: 
𝑆𝐸𝑚 is the standard error of the mean at a given GA 
SD is the standard deviation of the original data at a given GA  
N is sample size at a given GA 
2. The 𝑀𝑊,𝐺𝐴=40 was then divided by 3155.7 g (estimated mean of foetal weight at 40 weeks 
using the proposed optimal quadratic EFW-GA model) written as: 
𝐸𝐹𝑊 (𝑔) = −675.199 + 137.173 × 𝐺𝐴 − 1.035 × 𝐺𝐴2                                                (11) 
3. The ratio between the mean birth weight at 40 weeks and the proposed EFW-GA model 
(Equation 11) was calculated as: 
𝑀𝑟𝑎𝑡𝑖𝑜 =
𝑀𝑊,𝐺𝐴=40
3155.7
=
3178.4
3155.7
= 1.0                                                                       (12) 
It is assumed that the ratio (Equation 12) is maintained constant across gestation 
(Mikolajczyk et al. 2011). Therefore, the expected mean of foetal weight in a given GA is: 
𝑀𝑊,𝐺𝐴 = (𝑀𝑊,𝐺𝐴=40/3155.7) × 𝐸𝐹𝑊 (𝑔) = 𝑀𝑟𝑎𝑡𝑖𝑜 × 𝐸𝐹𝑊 (𝑔)                                   (13) 
4. Profile limits for EFW (weight percentiles) at a given GA were calculated by the following 
formula: 
𝑝05,𝐺𝐴 = 𝑀𝑊,𝐺𝐴 × (1 + 𝑍𝑝05 × 𝑆𝐷 × (
𝑀𝑊,𝐺𝐴=40
3155.7
))                                                           (14) 
𝑝05,𝐺𝐴 = 𝑀𝑊,𝐺𝐴 × (1 + 𝑍𝑝05 ×
𝑆𝐷𝑊,𝐺𝐴=40
𝑀𝑊,𝐺𝐴=40
× (
𝑀𝑊,𝐺𝐴=40
3155.7
))                                              (15) 
where 𝑝05 denotes 5
th percentile, 𝑍𝑝05 is the corresponding Z-score. The range of these 
values are provided in Table 52. 
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Table 52 Z-score for percentile of normal distribution 
ith 
percentile Z-score  
25 -0.674 
10 -1.282 
5 -1.645 
3 -1.881 
1 -2.326 
 
 
The local SD was calculated as the percentage of the 𝑀𝑊,𝐺𝐴=40, so that: 
%𝑆𝐷𝑀𝑊,𝐺𝐴=40 =
𝑆𝐷
𝑀𝑊,𝐺𝐴=40
× 100 =
322.0
3178.4
× 100 = 10.1%                                                  (16) 
 
Capability analysis of the proposed chart in detecting abnormal patterns of foetal growth  
 
The actual values of birth weight and the predicted values of foetal weight at term pregnancy 
(between 37 and 41 weeks) (using the value of the 50th percentile weight for GA) were first 
compared. Then, the proposed alternative foetal growth chart for EFW was implemented among 
282 normal newborns (testing data) and 16 LBW newborns identified among 435 singleton live 
newborns in the prospective study (Figure 28). The capability analysis of the proposed chart in 
detecting normal and unusual patterns of foetal growth was determined by calculating the 
number of cases and its percentage that falls below the lower specification limit (LSL), i.e. the 
10th percentile, between the 10th and 90th percentiles and above the upper specification limit 
(USL), i.e. the 90th percentile (Chiossi et al. 2017).  
 
5.3.3 Results 
Description of the study population 
Between 1 June 2016 and 30 June 2017, there were 483 pregnant women who enrolled, received 
ANC and were followed up until they gave birth at 14 public health centres (PHCs) and 6 
independent midwifery practices (IMPs) in South Kalimantan province (Figure 28). In this 
section, some of pregnant women were excluded for the following reasons: incomplete 
information (n = 39), abortion (n = 6), multiple pregnancies (n = 2) and lost to follow up 
(moving) (n = 1). Therefore, the total number of pregnant women included in the study 
population was 435 (n = 435). Descriptive statistics on the baseline characteristics of mothers 
and newborns in the study population are presented in Table 53.  
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Table 53 Baseline characteristics and antenatal events  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Characteristic Mean (Standard 
deviation) 
No of women (%)  
Number of antenatal care  
(ANC) visits 
6 (2) - 
Sex of neonate   
Male - 227 (52.2) 
Female - 200 (46.0) 
Not stated - 8 (1.8) 
Gestational age (GA)  
at delivery (weeks) 
38.9 (1.6)  
Premature birth (<37 weeks) - 34 (7.8) 
Term birth (37-41 weeks) - 391 (89.9) 
Post term (≥ 42 weeks) - 9 (2.1) 
Not stated - 1 (0.2 
Maternal age (years) 27.9 (5.6)  
13-22 - 78 (17.9) 
23-32 - 267 (61.4) 
33-42 - 89 (20.5) 
More than 42  1 (0.2) 
Maternal body mass index (BMI) 
(kg/m2) (Enomoto et al. 2016)  
22.3 (3.3)  
Underweight (<18.5) - 49 (11.3) 
Normal (18.5-24.9) - 310 (71.3) 
Overweight (25-29.9) - 59 (13.6) 
Obese (≥30) - 16 (3.7) 
Not stated - 1 (0.2) 
Maternal nutritional status    
Chronic energy shortage  
(if middle upper arm circumference 
(MUAC) < 23.5 cm) 
- 11 (2.5) 
Normal  
(if MUAC ≥ 23.5 cm) 
- 163 (37.5) 
Not stated - 261 (60.0) 
Birth order (Parity)   
1st birth (Nulliparous) - 122 (28.0) 
2nd or greater (Multiparous) - 313 (72.0) 
Mode of delivery   
Spontaneous - 400 (92.0) 
Sectio caesarean  - 27 (6.2) 
Vacuum extraction  - 3 (0.7) 
Not stated - 5 (1.1) 
Birth weight 3,100 (381)  
Low birth weight (LBW) 
(< 2,500g) 
 16 (3.7) 
Average birth weight (2,500-3,999 g)  419 (96.3) 
Birth attendance   
Health practitioner - 21 (4.8) 
Midwife - 356 (81.8) 
Specialist/obstetrician - 44 (10.1) 
Others - 4 (1.0) 
Not stated - 10 (2.3) 
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All pregnant women included in this study followed the minimum recommendation of ANC 
visits (average of 6 visits) with a range between 1 and 14 visits. Overall, the pregnant women 
were between 23 and 32 years old (61.4%), well-nourished (37.5%) with middle upper arm 
circumference (MUAC) ≥ 23.5 cm, multiparous (72.0%) and had normal BMI at first visit of 
ANC (between 18.5 and 24.9 kg/m2) (71.3%). Of these 435 women, 391 (89.9%) delivered the 
baby at term pregnancy and through spontaneous normal mode of delivery, 34 (7.8%) delivered 
preterm (< 37 completed weeks of gestation); 227 (52.2%) delivered male newborns, 200 
(46.0%) delivered female newborns; and 356 (81.8%) were assisted by midwives.  
 
To develop the proposed foetal growth chart, more pregnant women were excluded due to: 
LBW newborns (n = 16), no information on gender and birth weight (n = 1), no measurements 
taken during pregnancy (n = 2) and no records of GA and FH or FH < 12 cm and FH > 38 cm 
(Papageorghiou, et al. 2016) (n = 14) (Figure 28 and Table 53). Therefore included in the 
analysis were 402 pregnant women with normal birth weight babies and 1,408 measurements 
of GA and FH during pregnancy. Among the women, 74 (18.4%) were recruited from urban 
IMPs, 29 (7.2%) from rural IMP, 40 (10.0%) from urban PHCs, and 259 (64.4%) from rural 
PHCs.  
 
Efficacy assessment and comparison between the proposed weight prediction models based 
on gestational age  
 
Table 54 presents the prediction ability of the proposed EFW-GA models. The results show that 
the mean prediction error (ME) and MEDPE for the linear model is smaller (-8.91g and 0.2%, 
respectively) than those recorded for the quadratic (-13.1g and -0.6%, respectively) and 
logarithmic models (-15.0g and -1.1%, respectively). However, the values of remaining 
accuracy measures, such as MPE (-3%), MAPE (11%) and MEDAPE (8%) are comparable 
across the three proposed models. 
 
Table 54 Accuracy of the proposed EFW-GA models (13 - 42 weeks) 
Number of pregnant women = 282 with 419 FH observations 
Prediction error  
(EFW-FH – 
EFW-GA) 
 
Mean 
(ME) 
(g) 
Mean 
percentage 
(MPE) 
(%) 
Mean 
absolute 
percentage 
(MAPE) 
(%) 
Median 
percentage 
(MEDPE) 
(%)  
Median 
absolute 
percentage 
(MEDAPE) 
(%) 
Number of 
estimates 
within 
10% of 
EFW-FH 
(%) 
Number of 
estimates 
within 
20% of 
EFW-FH 
(%) 
Proposed models        
Linear -8.19 -2.86 11.28 0.15 8.04 60.86 86.40 
Logarithmic -15.01 -3.04 11.13 -1.09 8.04 59.43 85.68 
Quadratic -13.12 -2.94 11.03 -0.64 8.25 59.90 87.35 
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Table 54 also provides the total number of predictions (using the proposed EFW-GA models) 
falling within 10% and 20% of the EFW-FH model, as discussed in the previous section 
(Section 5.2). It is apparent from the table that 60% of the predicted values produced by the 
quadratic model fall within the 10% of the EFW-FH model. This was comparable with the 
linear model (61.0%) yet slightly more accurate than the logarithmic model (59.4%). The 
quadratic model also has 87.4% of predicted values falling with 20% of the EFW-FH model 
which is more accurate than the logarithmic (85.7%) and linear (86.4%) models. Therefore, the 
quadratic model is recommended instead of either the linear or logarithmic models for use in 
predicting EFW based on GA with less error between 13 and 42 weeks of pregnancy. The 
visualisation of residual weights between the EFW-FH model and the proposed EFW-GA 
models is presented in Figure 30. 
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Figure 30 MEDAPEs of the proposed EFW-GA models (13 - 42 weeks)
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The prediction accuracy between the proposed EFW-GA models and the existing ultrasound-
based EFW-GA models proposed by Hadlock, Harrist and Martinez-Poyer (1991) and 
Sotiriadis et al. (2018) was also evaluated using the testing dataset. The results are presented in 
two periods: during pregnancy (between 13 and 36 weeks in Table 55 and Figure 31) and prior 
to or at delivery (between 32 and 42 weeks in Table 56 and Figure 32). 
 
Efficacy assessment of the proposed EFW-GA models compared to the existing models 
 
During pregnancy (between 13 and 36 weeks) 
 
The prediction ability of the proposed EFW-GA models and the two existing ultrasound-based 
EFW-GA models is presented in Table 55. The results show that the MEs recorded for the 
proposed models are significantly smaller (between 724.9 and 750.3 g) than those recorded for 
the existing models. Similarly, the MPEs and MEDAPEs recorded for the proposed models are 
significantly smaller (between 22.4 and 23.2% and between 21.4 and 23.1%, respectively) than 
those recorded for the existing models (> 50%, respectively). 
 
Table 55 also summarises the total number of predictions falling within 10% and 20% of 
ABWs. It is apparent from this table that 18.1-20.1% of the predicted values produced by the 
proposed models fall within the 10% of ABWs compared with 7.1% for the Hadlock model and 
4.9% for the Sotiriadis model. The quadratic model has 20.1% of predicted values falling with 
the 10% of ABWs which is comparable with the logarithmic model (20.1%) but slightly more 
accurate than the linear model (18.1%).  
 
Table 55 Accuracy of the proposed and existing EFW-GA models (13 - 36 weeks) 
Number of pregnant women = 234 with 309 FH observations 
Prediction error  
(ABW – EFW-GA) 
Mean 
(ME)  
(g) 
Mean 
percentage 
(MPE) 
(%) 
Mean 
absolute 
percentage 
(MAPE) 
(%) 
Median 
percentage 
(MEDPE) 
(%)  
Median 
absolute 
percentage 
(MEDAPE) 
(%) 
Number of 
estimates 
within 10% 
of ABWs 
(%) 
Number of 
estimates 
within 20% 
of ABWs 
(%) 
Proposed models        
Linear 750.30 23.19 24.10 23.10 23.10 18.12 40.13 
Logarithmic 724.88 22.36 23.38 21.43 21.43 20.06 44.34 
Quadratic 731.72 22.58 23.62 21.93 21.93 20.06 44.34 
Existing models        
Hadlock (1991)  1635.93 51.92 52.33 55.45 55.45 7.12 15.86 
Sotiriadis (2018)  1684.43 53.50 53.68 56.13 56.13 4.85 13.92 
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Similarly, 40.1-44.3% of the predicted values produced by the proposed models fall within the 
20% of ABWs compared with 15.9% from the Hadlock model and 13.9% from the Sotiriadis 
model (Table 55). The quadratic model has 44.3% of its predicted values falling with the 20% 
of ABWs. This was comparable with the logarithmic model (44.3%) yet slightly more accurate 
than the linear model (40.1%). The proportions of the predicted values falling within the 10% 
and 20% of ABWs for the quadratic model (20.1% and 44.3%, respectively) are almost triple 
those based on the existing ultrasound models: Hadlock model, 7.1-15.9%, and Sotiriadis 
model, 4.9-13.9%. The visualisation of these multiple comparisons can be seen in Figure 31.  
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Figure 31 MEDAPEs of the proposed and existing EFW-GA models (13 - 36 weeks) 
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Two significant conclusions can be drawn from Figure 31. First, during the second trimester of 
pregnancy (between 13 and 24 weeks), most foetal weights were more accurately predicted 
using the linear model. But, when the pregnancy reached the third trimester of pregnancy 
(between 25 and 36 weeks), the weights were predicted with less error using either the 
logarithmic or quadratic model. Therefore, the conclusion is that the proposed models predict 
EFW with less error as compared to the existing models between 13 and 36 weeks of pregnancy. 
 
Comparison prior to or at delivery (between 32 and 42 weeks) 
 
Table 56 presents the prediction ability of the proposed models and the two existing ultrasound 
models based on the difference between the ABWs and the EFWs. The results show that the 
MEs recorded for the proposed models are significantly smaller (particularly for the linear and 
quadratic models) than those recorded for the existing models. Similarly, the MAPEs and 
MEDAPEs recorded for the proposed models are significantly smaller (between 8.8 and 8.9% 
and between 7.9 and 8.5%, respectively) than those recorded for the existing models (between 
9.6 and 11.9% and between 7.9 and 10.8%, respectively).  
 
Table 56 Accuracy of the proposed and existing EFW-GA models (32 - 42 weeks) 
Number of pregnant women = 102 with 110 FH observations 
Prediction error  
(ABW – EFW-
GA) 
Mean  
(ME) 
(g) 
Mean 
percentage 
(MPE) 
(%) 
Mean 
absolute 
percentage 
(MAPE) 
(%) 
Median 
percentage 
(MEDPE) 
(%)  
Median 
absolute 
percentage 
(MEDAPE) 
(%) 
Number of 
estimates 
within 10% 
of ABWs 
(%) 
Number of 
estimates 
within 20% 
of ABWs 
(%) 
Proposed models        
Linear 121.00 2.74 8.80 2.67 7.92 60.91 95.45 
Logarithmic 166.40 4.15 8.92 4.43 8.42 57.27 93.64 
Quadratic 154.42 3.78 8.86 4.07 8.49 61.82 93.64 
Existing models        
Hadlock (1991)  -130.83 -5.07 11.92 -6.45 10.79 47.27 82.73 
Sotiriadis (2018)  161.47 4.03 9.63 3.96 7.90 59.09 92.73 
 
 
Table 56 also summarises the total number of predictions falling within 10% and 20% of 
ABWs. It is apparent from this table that 57.3-61.8% of the predicted values produced by the 
proposed models fall within 10% of ABWs compared with 47.3% for the Hadlock model and 
59.1% for the Sotiriadis model. The quadratic model has 61.8% of predicted values falling 
within 10% of ABWs which is slightly more accurate than both the linear (60.9%) and 
logarithmic models (57.3%).  
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Similarly, 93.6-95.5% of the predicted values produced by the proposed models fall within 20% 
of ABWs compared with 82.7% for the Hadlock model and 92.7% for the Sotiriadis model. 
The quadratic model has 93.6% of predicted values falling within 20% of ABWs. This was 
comparable with the logarithmic model (93.6%) yet slightly less accurate than the linear model 
(95.5%).  
 
Table 56 also shows that the proportion of predicted EFWs (using the proposed optimal 
quadratic model) falling within the 10% and 20% of ABWs (61.8% and 93.6%, respectively) 
was almost one-third higher than the proportion based on the Hadlock model (47.3% and 
82.7%, respectively) and slightly better than the Sotiriadis model (59.1% and 92.7%, 
respectively). The visualisation of these multiple comparisons can be seen in Figure 32. 
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Figure 32 MEDAPEs of the proposed and existing EFW-GA models (32 - 42 weeks)  
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It can be seen from Figure 32 that the proposed models produced lower MEDAPEs than the 
existing models. Therefore, the conclusion was that the proposed models were capable of 
predicting EFW with less error when compared with the existing models between 32 and 42 
weeks of pregnancy, i.e. prior to or at delivery period.  
 
Furthermore, two-sample F-test for variances and two-sample T-test for mean differences 
between the proposed and existing models were performed (Table 57). The results show that 
there is a significant difference in variances and means of prediction errors between the 
proposed models and the existing ultrasound models (p-value < 0.05). However, there is no 
significant difference in variances and means of prediction errors within the proposed models. 
The quadratic model has the largest R, R2, R2-adjusted and a larger number of estimates falling 
within 10% and 20% of ABWs; therefore it was selected as the most suitable formula to be used 
to develop a foetal growth chart for EFW in settings with limited resources, as will be discussed 
shortly.  
 
Table 57 Two-sample F-test and T-test results (32 – 42 weeks) 
Sample 
(n = 282 pregnant women with 
419 observations) 
Ratio of 
variances 
Levene/ 
Bonett test 
(P-value) 
Estimate 
for 
difference 
(g) 
Degree 
of 
freedom 
T-value P-value 
(EFW-FH – EFW-GA)       
EFWlinear and EFWlogarithmic 1.016 0.316 -6.8 835 -0.21 0.834 
EFWlinear and EFWquadratic 1.002 0.586 -4.9 835 -0.15 0.880 
EFWlinear and EFWHadlock (1991) 0.188 < 0.0005 587.0 569 10.09 < 0.0005 
EFWlinear and EFWSotiriadis (2018) 0.226 < 0.0005 699.5 597 12.99 < 0.0005 
EFWlogarithmic and EFWquadratic 0.986 0.654 1.9 835 0.06 0.954 
EFWlogarithmic and EFWHadlock (1991) 0.185 < 0.0005 593.8 567 10.22 < 0.0005 
EFWlogarithmic and EFWSotiriadis (2018) 0.222 < 0.0005 706.3 595 13.14 < 0.0005 
EFWquadratic and EFWHadlock (1991) 0.187 < 0.0005 591.9 569 10.18 < 0.0005 
EFWquadratic and EFWSotiriadis (2018) 0.226 < 0.0005 704.4 597 13.09 < 0.0005 
EFWHadlock (1991) and EFWSotiriadis (2018) 1.204 0.020 112.5 828 1.56 0.120 
(ABW – EFW-GA)       
EFWlinear and EFWlogarithmic 0.993 0.674 6.8 835 0.18 0.859 
EFWlinear and EFWquadratic 0.988 0.840 4.9 835 0.13 0.898 
EFWlinear and EFWHadlock (1991) 0.250 < 0.0005 -587.0 614 -9.71 < 0.0005 
EFWlinear and EFWSotiriadis (2018) 0.296 < 0.0005 -699.5 645 -12.36 < 0.0005 
EFWlogarithmic and EFWquadratic 0.995 0.829 -1.9 835 -0.05 0.961 
EFWlogarithmic and EFWHadlock (1991) 0.252 < 0.0005 -593.8 616 -9.81 < 0.0005 
EFWlogarithmic and EFWSotiriadis (2018) 0.298 < 0.0005 -706.3 647 -12.47 < 0.0005 
EFWquadratic and EFWHadlock (1991) 0.253 < 0.0005 -591.9 616 -9.78 < 0.0005 
EFWquadratic and EFWSotiriadis (2018) 0.300 < 0.0005 -704.4 647 -12.43 < 0.0005 
EFWHadlock (1991) and EFWSotiriadis (2018) 1.184 0.035 -112.5 830 -1.53 0.126 
*The p-value < 0.05 indicates a significant difference 
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The distribution of the residual weights based on the quadratic model was further analysed by 
calculating the standard deviation (SD), i.e. expressed as a percentage of the predicted mean of 
foetal weights and the actual mean of birth weights. The results from this residual analysis of 
the proposed quadratic EFW-GA model (between 16 and 41 weeks of GA; n = 282 with 419 
EFW measurements) are presented in Table 58. Overall, the distribution of residuals was 
relatively uniform. Data from the table show that the average variability when the residuals 
were calculated from the differences between the EFW-FH and the EFW-GA models (using the 
proposed quadratic model) was 13.4%. This value was slightly higher than when the residual 
weights were derived from the differences between the ABWs and the estimates using the 
proposed EFW-GA model, reported as 10.7%.  
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Table 58 Residual analysis of the proposed quadratic EFW-GA model 
Gestational age  
(week) 
Number of 
observations 
Mean of EFW  
(EFW-GA)  
(g) 
Standard deviation of 
residual weights                   
(EFW-FH - EFW-GA) 
(g) 
Variation of residual 
weights  
(% of Mean EFW-GA) 
Mean of 
ABW  
(g) 
Standard 
deviation of 
residual weights  
(ABW - EFW-GA) 
(g) 
Variation of 
residual weights               
(% of Mean ABW) 
16 2 1254.6 463.1 36.9 3200.0 282.8 8.8 
18 7 1458.6 136.8 9.4 3258.6 429.0 13.2 
20 20 1654.3 316.8 19.1 3111.3 331.9 10.7 
21 6 1749.0 298.0 17.1 3200.0 328.6 10.3 
22 5 1841.7 332.9 18.1 3200.0 234.5 7.3 
23 7 1932.3 217.0 11.2 3057.1 304.7 10.0 
24 23 2020.8 319.2 15.8 3030.4 359.8 11.9 
25 13 2107.3 403.2 19.1 3217.1 387.2 12.0 
26 15 2191.6 368.6 16.8 3040.0 322.5 10.6 
27 13 2274.0 247.5 10.9 3153. 5 347.6 11.0 
28 33 2354.2 297.1 12.6 3092.4 259.8 8.4 
29 15 2432.4 273.1 11.2 3056.7 321.2 10.5 
30 28 2508.5 335.4 13.4 3131.4 307.6 9.8 
31 15 2582.5 308.8 12.0 3146.3 364.0 11.6 
32 21 2654.5 307.7 11.6 3086.2 331.4 10.7 
33 16 2724.4 312.6 11.5 3138.8 278.7 8.9 
34 19 2792.2 277.1 9.9 3207.9 383.8 12.0 
35 22 2858.0 255.5 8.9 3122.5 295.7 9.5 
36 30 2921.7 254.7 8.7 2988.7 344.5 11.5 
37 24 2983.3 267.4 9.0 3304.4 344.2 10.4 
38 15 3042.8 266.3 8.8 3186.7 392.5 12.3 
39 27 3100.3 205.7 6.6 3214.8 358.4 11.1 
40 38 3155.7 272.3 8.6 3248.9 268.0 8.2 
41 2 3209.1 463.1 14.4 3150.0 495.0 15.7 
Total 
observations 
416 Excluding gestational age of 13, 19 and 42 due to n = 1 
Mean  2408.5 300.0 13.4 3147.7 336.4 10.7 
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Construction of foetal growth charts for estimated foetal weight based on the proposed EFW-
GA quadratic model 
 
The predicted values for specific foetal weight percentiles based on non-ultrasound 
measurement are listed in Table 59 for each GA. The table shows the percentiles (g) of EFW 
for an Indonesian population in South Kalimantan province with a mean birthweight at 40 
weeks of gestation of 3178.4 g.  
 
Table 59 Estimated foetal weights for an Indonesian population  
 
Gestational 
age 
(weeks) 
Percentiles of estimated foetal weight (g) 
1st  3rd   5th 10th  25th  
50th 
(mean) 
75th 90th 95th 97th 99th 
20 1271 1346 1386 1448 1551 1666 1781 1884 1946 1986 2062 
21 1343 1423 1466 1531 1640 1762 1883 1992 2057 2100 2180 
22 1415 1499 1544 1612 1727 1855 1983 2097 2166 2211 2295 
23 1484 1573 1619 1692 1812 1946 2080 2201 2273 2320 2408 
24 1552 1645 1694 1769 1895 2035 2175 2301 2377 2426 2518 
25 1619 1715 1766 1845 1976 2122 2268 2400 2479 2530 2626 
26 1683 1784 1837 1919 2055 2207 2359 2496 2578 2631 2731 
27 1747 1851 1906 1991 2133 2290 2448 2590 2675 2730 2834 
28 1808 1916 1973 2061 2208 2371 2534 2681 2769 2826 2934 
29 1868 1980 2039 2129 2281 2450 2618 2770 2861 2920 3031 
30 1927 2042 2102 2196 2353 2526 2700 2857 2951 3011 3126 
31 1984 2102 2165 2261 2422 2601 2780 2941 3038 3100 3218 
32 2039 2160 2225 2324 2490 2674 2858 3023 3122 3187 3308 
33 2093 2217 2283 2385 2555 2744 2933 3103 3204 3271 3395 
34 2145 2273 2340 2445 2619 2812 3006 3180 3284 3352 3480 
35 2195 2326 2395 2502 2680 2878 3077 3255 3362 3431 3562 
36 2244 2378 2449 2558 2740 2943 3145 3327 3436 3507 3641 
37 2291 2428 2500 2612 2798 3005 3211 3398 3509 3581 3718 
38 2337 2477 2550 2664 2854 3065 3276 3465 3579 3653 3792 
39 2381 2523 2598 2714 2908 3123 3337 3531 3647 3722 3864 
40 2424 2568 2645 2763 2960 3178 3397 3594 3712 3788 3933 
41 2465 2612 2690 2809 3010 3232 3455 3655 3775 3852 3999 
 
These predicted values and their respective 10th, 50th and 90th percentiles are graphically 
presented in Figure 33 which is the proposed foetal growth chart that has been developed using 
the proposed quadratic EFW-GA model based on modified methods of Mikolajczyk et al. 
(2011).  
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Figure 33 Proposed foetal weight chart with percentiles using the quadratic EFW-GA model  
 
 
Figure 34 demonstrates the distribution of actual (raw) observations of predicted values based 
on the EFW-FH model (using testing data, n = 282 with 419 observations) superimposed on the 
EFW curve developed based on the proposed quadratic EFW-GA model together with the 95% 
confidence interval.  
 
Figure 34 Proposed foetal weight chart with test data superimposed 
Key:  
---- = 10th percentile, ---- = 50th percentile, ---- = 90th percentile, ---- = 95% confidence intervals 
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The distribution of the actual observations shown in Figure 34 was then superimposed on the 
existing profile limits proposed by Mikolajczyk et al. (2011), the Intergrowth 21st project 
reference (International standard) (Stirnemann et al. 2017) and the World Health Organisation 
(WHO) (Kiserud et al. 2017). The result is shown in Figure 35. 
 
Figure 35 Fit of proposed weight chart compared with existing references 
Key: as for figure 34 with profile limits added from  
  = global reference (Mikolajczyk et al. 2011) 
    = Intergrowth 21st Project reference (International standard) (Stirnemann et al. 2017) 
 = WHO (Kiserud et al. 2017) 
 
It can be clearly seen from Figure 35 that the existing foetal growth charts for EFW do not fit 
well to the local population because they underestimate. The reason is that the existing charts 
were developed based on ultrasound-based weight prediction models while the proposed chart 
was developed based on the clinical-based EFW-FH model. The patterns of foetal growth 
measured by clinical measurement are different to the ones measured by ultrasound. This thesis, 
therefore, recommends that the developed foetal growth chart be implemented in daily ANC 
practice in all Indonesian primary health care centres even if ultrasound measurement of the 
foetus is accessible. 
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Furthermore, foetal birth weight at term pregnancy, between 37 and 41 weeks, was compared 
using the 50th percentile predicted values of foetal weight from the developed quadratic model 
and the ABW of the study population. These results were also compared with the predicted 
values of foetal weight and the observed values of birth weight derived from the existing models 
(Hadlock, Harrist & Martinez-Poyer 1991; Sotiriadis et al. 2018) and references (Kiserud et al. 
2017; Stirnemann et al. 2017). This comparison is presented in Table 60. 
Table 60 Foetal birth weight at term pregnancy (37 - 41 weeks) 
Gestational age  
(week) 
 
Weights (g) 
Present 
study 
(predicted 
values*) 
Present 
study 
(observed 
values^)  
Hadlock 
(1991) 
(predicted 
values*) 
Hadlock 
(1991) 
(observed 
values^) 
Sotiriadis 
(2018) 
(predicted 
values*) 
Stirnemann 
(2017) 
(predicted 
values*) 
Kiserud 
(2017) 
(predicted 
values*) 
37 3005 3027 (10) 3028 NA 2769 2806 2966 
38 3065 3127 (9) 3236 3234 2992 3006 3186 
39 3123 3142 (11) 3435 3469 3213 3186 3403 
40 3178 3178 (10) 3619 3598 3426 3338 3617 
41 NA 3112 (12) NA 3686 NA NA NA 
   Note: 
   Numbers in parentheses are standard deviations expressed as a percentage of the actual mean birth weight 
   NA = No data or insufficient data at these time points  
   * The 50th percentile weight for GA based on the model 
   ^ The mean of actual birth weights 
 
 
It can be clearly seen from Table 60 that generally the mean of predicted foetal weights in the 
Indonesian population was lower than those predicted based on the existing models and 
references, i.e. those developed based on ultrasond measurements of foetal biometrics. At 38 
weeks, the predicted value was comparable with the one derived from the existing model 
(Sotiriadis et al. 2018) and the existing reference from the Intergrowth 21st Project (Stirnemann 
et al. 2017). Meanwhile, the mean of actual birth weights in the study population was also lower 
than the one observed in the existing model (Hadlock, Harrist & Martinez-Poyer 1991). 
   
Figure 36 represents the distribution of actual (raw) data of predicted values for the 16 LBW 
newborns among the 435 singleton live newborns in the prospective data, between 20 and 40 
weeks, using the developed foetal growth chart. 
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Figure 36 Proposed foetal weight chart (20-40 weeks) used with data relating to 16 LBW 
babies  
 
The capability of the developed clinical-based foetal growth chart to detect abnormal patterns 
among 282 normal (Figure 34) and 16 LBW newborns (Figure 36) was assessed by calculating 
the percentage of cases falling below the lower specification limit (LSL) (the 10th percentile), 
within the 10th and the 90th percentiles and above the upper specification limit (USL) (the 90th 
percentile). The results are shown in Table 61.  
 
Table 61 Signals of foetal growth abnormality 
Raw data 
(g) 
Case 
Gestational 
age  
(weeks) 
Measurement N 
Within the 
optimal 
foetal 
growth 
limits 
Outside the optimal foetal growth 
limits 
Between  
the 10th  
and 90th 
percentiles 
Below the 
10th 
percentile 
Below the 
50th 
percentile 
Above the 
90th 
percentile 
EFW 
Model 5 
(The 
optimal 
clinical-
based 
prediction 
model 
based on 
FH) 
Normal 
newborns 
Between 
13 and 42 
weeks 
Individual 
pregnant 
women 
282 
186  
(66.0%) 
59  
(20.9%) 
153 
(54.3%) 
37  
(13.1%) 
Repeated 
observations 
419 
302  
(72.1%) 
70  
(16.7%) 
228 
(54.4%) 
47  
(11.2%) 
LBW 
newborns 
Between 
13 and 39 
weeks 
Individual 
pregnant 
women 
16 
6  
(37.5%) 
7  
(43.8%) 
11 
(68.8%) 
3  
(18.8%) 
Repeated 
observations 
40 
18  
(45.0%) 
18 
(45.0%) 
29 
(72.5%) 
4  
(10.0%) 
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Since the aim is to reduce the prevalence of LBW newborns, this study concentrated only on 
detection of EFW below the 10th and 50th percentiles. Based on the data in Table 61, the 
developed foetal growth chart was able to detect 43.8-68.8% of the abnormal patterns of EFW 
during pregnancy among pregnant women who delivered LBW babies. When foetuses were 
delivered with normal weight, the risk of having such abnormal growth patterns was smaller 
(20.9-54.3%). It shows that for 16 LBW babies, 7 (43.8%) had at least one EFW reading falling 
below the proposed 10th percentile and 11 (68.8%) at least one EFW reading below the  50th 
percentile. 
 
5.3.4 Discussion 
Based on a curve estimation approach and multiple accuracy assessments, this research has 
proposed several models to predict EFW based on GA, i.e. linear, logarithmic and quadratic 
regression models. The proposed quadratic regression model has produced more effective 
estimates of foetal weight than the existing ultrasound formulas. Furthermore, the proposed 
formula for estimating foetal weight is simple and can be used by doctors, midwives and 
pregnant women. This would improve the quality of communication, information and education 
as part of routine ANC service in low-resource primary health care centres. 
 
The analysis shows that there is no significant difference among the proposed models (linear, 
logarithmic and quadratic) in predicting EFW based on GA. However, the quadratic model 
fitted the local data more effectively compared to the other estimating models, particularly 
between 24 and 40 weeks of gestation. This finding seems to be consistent with other research 
which found that the quadratic model was the optimal prediction model for foetal weight 
between second and third trimesters of pregnancy (Deter et al. 1982; Hadlock, Harrist & 
Martinez-Poyer 1991; Sotiriadis et al. 2018). Therefore, in this thesis, the quadratic model has 
been used to develop an alternative foetal growth chart. 
 
The prediction accuracy of the optimal model, i.e. the quadratic model, has also been assessed 
using a prospective dataset and compared with the existing regression models based on 
ultrasound measurements (Hadlock, Harrist & Martinez-Poyer 1991; Sotiriadis et al. 2018) 
(Table 55 and Table 56). The MPE for the proposed model was 22.6% in those born between 
13 and 36 weeks (prospective; n = 234). This percentage error was lower than the existing 
ultrasound-based prediction models (Hadlock, Harrist & Martinez-Poyer 1991; Sotiriadis et al. 
2018) when implemented on local data (MPEs 51.9-53.5%). Using data recorded between 32 
and 42 weeks (prior to or at delivery), the results showed that the proposed quadratic model 
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produced smaller ME (154.4g), less MPE (3.8%) and less MAPE (8.9%). The MPE steadily 
tended towards zero as the time interval between the last scan and birth decreased (Stirnemann 
et al. 2017). The MAPE was higher than that reported by Hadlock et al. when they applied their 
model in their original population (1.1%) (Hadlock, Harrist & Martinez-Poyer 1991) but 
smaller than the one reported in the existing study when Hadlock et al.’s model was applied to 
the local population (11.9%). 
 
The results show that the difference between EFW during pregnancy (between 13 and 36 
weeks) and ABW was greater than when it was measured prior to delivery (between 32 and 42 
weeks). This finding is in agreement with Hadlock’s earlier study of foetal growth (Hadlock, 
Harrist & Martinez-Poyer 1991) and also the most recent study reported in the literature 
(Sotiriadis et al. 2018). The divergence between predicted and observed term birth weights 
reported in this study (MPE = 3.8% and MAPE = 8.9%) are higher than those published by 
Hadlock (MPE = 0.8% and MAPE = 1.1%), while the average variability reported in this study 
(when expressed as a percentage of the predicted values) is smaller (11%) (Table 58) than in 
the earlier study (13%) (Hadlock, Harrist & Martinez-Poyer 1991).  Also, at earlier GAs, for 
example at 27 weeks, the difference between ABWs and EFWs reported in this study was 
smaller (11%) than that published in Sotiriadis’ recent study (14%) (Sotiriadis et al. 2018). 
 
There is no foetal growth chart for EFW available in the current ANC practice of Indonesian 
primary health care centres. Its absence is particularly noticeable in the maternal and child 
health (MCH) booklet (Buku KIA) (MoH 2016a) which is nationally recognised as one of the 
important profile monitoring records during pregnancy. One of the reasons for this is the 
difficulty in collecting the data required to develop a standard foetal growth chart (Alisyahbana 
et al. 1994; Anggraini et al. 2018, 2019). This study, therefore, set out with the aim of creating 
a foetal growth chart for use in the primary health care settings in Indonesia.  
 
This study has developed a simple yet effective foetal growth chart for EFW based on data 
collected from Indonesia. The chart was developed using a prediction model based only on GA. 
Several foetal growth charts for EFW have been developed for international use (Gardosi et al. 
1992; Gardosi et al. 1995; Kiserud et al. 2017; Mikolajczyk et al. 2011; Stirnemann et al. 2017). 
However, the existing reference materials were developed based on ultrasound-based GA 
confirmation and ultrasound-based prediction models as discussed in Section 5.1. Since 
ultrasound facilities are not always available and affordable, the existing references for foetal 
weight cannot be easily implemented in populations or settings with limited resources. 
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It is well documented that GA is not significantly associated with birth weight. Based on the 
author’s previously published retrospective study (n = 127), GA has low correlation with birth 
weight (r = 0.030, p-value = 0.739) (Anggraini, Abdollahian & Marion 2018). This finding has 
been verified with a more reliable prospective study (n = 402 with r = 0.197, p-value < 0.0005). 
These findings are consistent with those of Stirnemann et al. (2017) who found that although 
GA is one of the potential predictors for birth weight, it was not to be retained in the model 
selection process because it did not improve the prediction accuracy of foetal weight. Therefore, 
GA is not a factor that directly influences a prediction of foetal weight. 
 
The foetal growth charts are developed to monitor the growth patterns at different GAs and 
ensure that they follow normal predicted values and limits for foetal weight so that the optimal 
birth weight and a safe pregnancy outcome can be achieved. Since GA is not a significant 
predictor for birth weight (Stirnemann et al. 2017), there is no EFW directly based on GA. As 
a result most of the existing foetal growth charts for EFW have been developed based on 
regression models between EFW and GA, i.e. derived based on ultrasound-based prediction 
models using foetal biometric characteristics (Gardosi et al. 1992; Gardosi et al. 1995; Kiserud 
et al. 2017; Mikolajczyk et al. 2011; Stirnemann et al. 2017), as discussed earlier in Section 5.1. 
However the use of ultrasound-based prediction models to estimate foetal weight makes it 
difficult to implement these existing charts for the Indonesian population due to lack of access 
to actual foetal biometric data. This study proposes an alternative foetal growth chart based on 
the most effective model for predicting foetal weight at a given GA. This chart can be easily 
implemented in settings with limited resources using readily accessible clinical information 
rather than ultrasound data.  
 
A wide range of statistical methods has been implemented to construct GA-related charts for 
pregnancy dating, foetal size and foetal weight (Hynek et al. 2018), particularly using a 
parametric approach from cross-sectional to longitudinal data. The aim of this study, however, 
is to create a foetal growth chart for use in Indonesia to make up for the absence of foetal growth 
charts in settings with limited resources. Therefore simpler yet still appropriate techniques 
would rather be used to develop this chart.  
 
The development of the foetal growth chart followed the previously published procedures of 
Mikolajczyk et al. (2011). Their methods combine the foetal weight estimation with the notion 
of proportionality, as proposed by Gardosi et al. (1995), and simply adjust it to the mean birth 
weight at 40 weeks of gestation for any local population. However, the current methods used 
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one of the ultrasound-based prediction models, the one proposed by Hadlock et al. (1985) which 
was based on foetal measurements of biparietal diameter (BPD), head circumference (HC), 
abdominal circumference (AC) and femur length (FL) to estimate foetal weight. Then the model 
was regressed by GA (Hadlock, Harrist & Martinez-Poyer 1991) to construct the foetal growth 
chart.  
 
It has also been suggested that the existing reference charts, i.e. those developed based on EFW 
and GA, should not be applied for monitoring foetuses whose ages (GA) were not verified using 
ultrasound (Hadlock, Harrist & Martinez-Poyer 1991). Therefore a quadratic model was 
developed based on regression analysis between EFW (based on FH) and GA, and this was 
used to develop the alternative foetal growth chart. 
 
The mean birth weight at 40 weeks in the local population was calculated from 142 pregnant 
women who delivered live singleton newborns with normal weight. In accordance with the 
recommendations of Mikolajczyk et al. (2011), the size of this sample population at 40 weeks 
agrees with the population sample size recommended to provide acceptable accuracy, i.e. a 
minimum 100 samples per GA, and with the inclusion criteria for reference birth weights of a 
population. The local SD is smaller (10.1%) than the empirical SD in most countries that 
participated in the 2004-2008 World Health Organization Global Survey on Maternal and 
Perinatal Health (average 13.2%, i.e. 13.2% of the mean weight at 40 weeks) (Mikolajczyk et 
al. 2011). The result implies that the local population was more homogeneous in birth weight 
distribution at 40 weeks than other countries involved in the WHO global survey. 
  
It is important to highlight the significance of the proposed EFW growth chart for risk 
assessment during ANC to prevent LBW newborns, and to repeat that there is currently no 
equivalent in use in Indonesia. Assessment of the data from the 16 women who had LBW babies 
out of the 435 pregnant women studied shows that the proposed chart can effectively detect 
signs of abnormality. 
 
5.3.5 Summary 
This chapter has addressed research questions 5, 6 and 7 of the scientific tasks. The current 
control charts widely used for monitoring the intrauterine growth of a foetus during pregnancy 
have been reviewed. This was followed by a discussion on the statistical challenges in 
implementing the existing foetal growth charts into clinical practice in Indonesian primary 
health care centres. An alternative foetal growth chart for EFW, simple but more effective and 
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more applicable, has been developed to monitor and identify unusual intrauterine growth of the 
foetus as soon as possible. The capability of the proposed chart to detect abnormal patterns of 
foetal growth among normal and LBW newborns to further reduce the mortality rate in 
Indonesia has also been assessed.  
 
The final chapter, Chapter 6, summarises the conclusions on all the research questions, outlines 
the strengths and limitations of the research and proposes some evidence-based policy 
recommendations for quality improvement of ANC services in Indonesian primary health care 
centres or other settings with limited health resources. 
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Chapter 6 Conclusion  
 
6.1  Conclusion and policy implications 
The prevalence of neonatal mortality remains globally high among low income populations and 
in settings with limited resources. It was reported that 2.6 million newborns died in 2016 before 
reaching 4 weeks old, with the majority of these deaths in the first week of life. In Indonesia, 
78.5% of neonatal deaths occur between 0 and 6 days old. Although the neonatal mortality rate 
(NMR) in Indonesia reduced significantly between 1991 and 2003 (from 32/1,000 to 20/1,000 
live births), the pace of decrease slowed between 2003 and 2016 (from 20/1,000 to 14/1,000 
live births). In fact, 28 out of 33 provinces in Indonesia (85%) have failed to meet the reduction 
target set by the national government for 2012. Consequently it remains a challenge to reduce 
the NMR to meet the targets set not only by the national government but also by the World 
Health Organisation (WHO), the 2015 Millennium Development Goals (MDGs) and the 2030 
Sustainable Development Goals (SDGs).  
 
NMR is highly associated with whether a mother receives antenatal care (ANC) during her 
pregnancy. It is reported that the NMR among women who received care was one-fifth of those 
who did not. Access to ANC is, therefore, highly recommended for pregnant women and has 
been identified as one of the most effective interventions to prevent or manage complications 
and adverse birth outcomes since one of the main objectives of ANC is to detect the risks and 
preventable factors linked to maternal and neonatal mortality. Effective ANC requires access 
to routine ANC data on the key performance indicators (KPIs) for maternal and foetal risk 
assessment and for monitoring foetal growth.  
 
In Indonesia, the performance of ANC services is low, particularly in documenting information 
on the KPIs for risk assessment during pregnancy. This has become one of major barriers in 
planning programs, decision making and allocating resources appropriately to reduce maternal, 
foetal and neonatal mortality. Although data improvement will not independently save the lives 
of both mother and newborn, if the KPIs are consistently monitored and recorded during 
pregnancy, possible complications and abnormalities can be detected and dealt with in a timely 
manner. 
 
Statistical process monitoring (SPM) also plays an important role in timely monitoring of 
maternal and foetal characteristics through the different stages of pregnancy. Systematic 
monitoring of the KPIs will significantly contribute to early detection of abnormalities and 
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improvement of pregnancy outcomes prior to delivery. Therefore, delays in making decisions 
to refer and transport the patient as well as in managing the complications can be prevented. 
Nonetheless, limited access during ANC to up-to-date quality information on key 
characteristics hinders the implementation of SPM in maternal and child health areas in most 
developing countries, including Indonesia.  
 
In line with the work being done by United Nations International Children’s Emergency Fund 
(UNICEF) Indonesia and the joint project between the National Research Council (USA) and 
the Indonesian Academy of Sciences (Indonesia), this research has developed statistical quality 
assurance systems to investigate the efficacy of current ANC service policies in reducing NMR, 
particularly in rural Indonesian primary health care centres. This included identification of the 
most significant KPIs during pregnancy that are derived from the most easily accessible and 
affordable resources. To optimise the practical applicability of the research outcomes, a data 
measuring and recording model that provides a more reliable medical database for the national 
health system in Indonesia has been proposed. This was followed by initiating scientific and 
technical training among urban and rural midwives to improve routine collection of ANC data 
for maternal and foetal risk assessment and development of a foetal growth chart which is not 
currently generally available in the Indonesian primary health care system. 
 
A new program of scientific and technical training has been carried out among nineteen urban 
and rural midwives in South Kalimantan, Indonesia to equip them with scientific knowledge 
and the technical abilities to allow routine collection of ANC data. Statistical analysis shows 
that the training has indeed equipped midwives with scientific knowledge and technical abilities 
to electronically record maternal and foetal health information during pregnancy and delivery. 
Access to and adequate use of this information during different stages of pregnancy enables 
foetal weight estimation and has promoted the development of a new foetal growth chart. The 
foetal growth chart is an effective surveillance tool that can assist midwives in capturing, 
reviewing and assessing foetal risk factors to end preventable mortality. 
 
Strong commitment and consistent education/training coupled with routine supervision of data 
documentation and records maintenance is needed to significantly improve midwives’ 
competencies to report the results of ANC examinations in a timely manner. This will lead to 
improvement in the quality and quantity of routine collection of ANC data, and promote a 
reliable and transparent local data recording and reporting system as baseline information for 
the vital task of data transformation. In this way the national health information system too 
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needs to be strengthened and made more reliable so that it can be used for evidence-based 
decisions when targeting appropriate resource planning and allocations, interventions and 
referrals. 
 
This research has comprehensively reviewed previous studies on prediction models of delivery 
weight based on clinical or ultrasound measurements. However this review confirms that the 
use of models based on advanced technology, such as ultrasound, is difficult in the rural 
Indonesian primary health care centres where health resources are limited. On the other hand 
models based only on the anthropometric measurements of the mother are the most applicable, 
accessible and affordable methods to estimate birth weight.  
 
The Johnson-Toshach model is well recognised nationally and deployed as a standard clinical 
model for estimating foetal weight. This model is based on the measurement of fundal height 
(FH) and judgement of foetal engagement status (FS) and was developed using United States 
data. The original results of the model showed that the average prediction error was 12.45 
ounces or 352.9 g. The study also showed that a fundal height of 26 cm can potentially indicate 
a premature birth weight (this was true for 80% of the premature newborns). A fundal height 
of 30 cm is necessary to ensure that the baby will have normal weight.  
 
However, the Johnson-Toshach model was developed based on information recorded prior to 
delivery or at more than 35 weeks of gestational age (GA). This prevents medical practitioners 
from planning appropriate clinical interventions well in advance if required. Also, the model 
requires knowledge of FS which  raises a subjectivity issue until there is a standard protocol 
developed to determine FS with less error. 
 
This research has developed simpler, yet more reliable regression models that can easily be 
implemented in rural Indonesian primary health care centres to more accurately predict 
estimated foetal weight (EFW) at a given GA in the absence of ultrasound facilities. Based on 
multiple comparison criteria, it has shown that the proposed models were more accurate than 
the existing clinical and ultrasound models in predicting foetal weight between 35 and 41 
weeks, (mean absolute percentage prediction errors or MAPE between 5.0 and 5.4% and 
median absolute percentage prediction errors or MEDAPE between 4.1 and 4.5%) and much 
more accurate at earlier GAs. The results also indicate that foetal weight can be best predicted 
by the measurement of maternal FH. Therefore, the proposed models can be easily applied in 
rural areas where advanced health equipment such as ultrasound is not always accessible. 
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Foetal growth charts, as one of the fundamental preventive actions to promote healthy human 
development, are not in use in the Indonesian primary health care systems and are not provided 
in the current maternal and child health (MCH) booklet (Buku KIA). To fill this gap, this 
research has reviewed the foetal growth charts which already exist internationally, focusing 
particularly on the models used to estimate foetal weight at a given GA. Potential challenges to 
utilising such surveillance tools in the Indonesian primary health care centres was also 
statistically reviewed.  
 
Based on the literature review, customised and standard foetal growth charts for EFW are the 
most widely used growth charts for monitoring the intrauterine development of the foetus 
during pregnancy. These charts utilise prediction models based on ultrasound measurement of 
foetal biometric characteristics. According to the statistics access to this information remains a 
challenge due to a lack of ultrasound facilities and the poor quality of documentation of ANC 
data. This in turn hinders utilisation of the existing foetal growth charts in Indonesia.  
 
This study, for the first time, has developed an alternative foetal growth chart for EFW based 
on a weight prediction model that uses easily accessible, statistically significant Indonesian 
clinical data, the maternal FH. It is important to highlight the significance of the developed 
growth chart for risk assessment during ANC to prevent LBW delivery. Using prospective data, 
it has been shown that the proposed chart can effectively detect signs of abnormality with risk 
of LBW delivery between 20 and 41 weeks. The introduction of the chart can assist midwives 
and other medical practitioners to identify high-risk pregnancies, prevent delays in making 
decisions, referrals and interventions and reduce the number of unnecessary investigations 
during ANC. Utilisation of this chart in primary health care centres, as the first level of 
healthcare in Indonesia, located near where people live, should be prioritised. 
 
In conclusion, the outcomes of this research can provide a useful administrative and scientific 
guideline for the expansion of health services and programs and for the effective distribution of 
limited government resources in rural areas. This includes analysis of where further aid 
investments are likely to best impact on reducing the NMR. The outcomes can also effectively 
aid midwives and other medical practitioners in identifying the key risk factors and types of 
clinical interventions required prior to delivery to reduce the mortality rate. 
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The original contribution of this research to current knowledge is in the development of a new 
simple, yet effective, system for monitoring and improving the performance of ANC across 
urban and rural primary health care centres in South Kalimantan, Indonesia. This includes: 
1. The development of an effective and simple standard electronic data recording and 
reporting system that provides more reliable and timely maternal and foetal information 
during three different stages of pregnancy and delivery than the current manual system.  
2. The initiation of scientific and technical training among urban and rural midwives to 
improve routine collection of ANC data in settings with limited resources for maternal and 
foetal risk assessment and the development of the proposed foetal growth chart. 
3. The development of a more reliable and effective model to predict foetal weight at a given 
GA using easily accessible information and affordable health resources, after having 
validated and compared this model against the existing clinical and ultrasound models. 
4. The development of a foetal growth chart for EFW based on the most significant 
characteristics and the most effective prediction model to monitor abnormal patterns of 
foetal growth during pregnancy.  
5.  Analysis of the capability of the developed foetal growth chart to detect abnormal patterns 
of foetal growth during pregnancy among normal and LBW cases.  
These holistic procedures would assist the medical practitioners to make evidence-based 
decisions on the type and timing of interventions required for safe delivery. 
 
6.2  Recommendation 
Based on the comprehensive statistical analysis carried out in this research, the UNICEF 
recommendations (UNICEF-Indonesia 2012) and the current project carried out by the National 
Research Council (USA) and the Indonesian Academy of Sciences (Indonesia) (National 
Research Council 2013; Hull 2015), the following recommendations are proposed as enabling 
actions to achieve the 2030 SDGs target for the reduction of neonatal mortality: 
1. Promote continuous scientific and technical training among midwives to update their 
knowledge and skills, particularly those relevant to documenting the results of ANC 
examinations and using that information to assess potential risks and identify necessary 
interventions/referrals. 
2. Introduce protocols for plotting EFW based on FH measurements (as the most accessible 
key indicator of foetal growth) on the developed foetal growth chart at each ANC visit. 
This can be used as a profile monitoring or clinical control system for individual pregnant 
women. The chart can also be printed and attached to the local pregnancy register or MCH 
booklet (Buku KIA). 
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3. Educate women on the importance of correctly recording the first date of the last menstrual 
period (LMP). 
4. Introduce the protocols of routine collection of ANC examination results into clinical 
practice. 
5. Introduce the developed foetal growth chart to clinical practice as a screening tool to 
improve the quality of foetal risk assessment. This can be used for early detection of foetal 
growth abnormalities during ANC. 
6. Assess/evaluate pregnancy outcomes before and after the common application of growth 
charts in the community. 
7. Since determination of GA is important, provide a portable or low-cost ultrasound machine 
and training in how to use the machine  at each primary health care centre (as a complement 
to the use of the LMP). This is to ensure optimal estimation of GA. Dating pregnancy based 
on the LMP should be accompanied by foetal crown-rump length (CRL) measurement in 
the first trimester of pregnancy to reduce errors in dating as recommended by WHO 
(Kiserud et al. 2017). 
 
6.3 Strengths and limitations 
 
6.3.1 Strengths 
 
A predominant strength of this research was its methods and data sources. This research has 
implemented both retrospective and prospective approaches in addressing the research 
questions and has used the same study settings (the selected primary health care centres). 
Likewise the first and second research questions were addressed using both quantitative and 
qualitative procedures. In this study, all ANC measurements were also carried out by local, 
trained midwives. It was assumed that they followed the standard operational procedures of 
ANC (MoH 2012a, 2014). 
 
A retrospective study was used as baseline information for evaluating the quality of current 
ANC data recording and reporting systems. This was then followed by a prospective study using 
more reliable information to evaluate whether the availability of ANC data had improved after 
educating midwives through the scientific and technical training. The training was also initiated 
for the first time to improve awareness of the importance of recording foetal weight estimations 
at a given GA using the available clinical method, as recommended by Kesrouani et al. (2017). 
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The retrospective approach remains the most practical way to document pregnancy outcomes 
in low-resource settings. On the other hand, a prospective approach is the ideal method to 
monitor and record changes in the process of pregnancy from the start to delivery. This 
longitudinal study approach has also been recognised as the most recommended design for 
studies in foetal growth (Asiki et al. 2015; Ohuma, Njim & Sharps 2018). 
 
In this research, the data used for analysis were sourced from local pregnancy registers available 
at the participating centres. The utility of local health registers rather than periodic household 
surveys has been recommended for identifying risk factors when seeking to reduce maternal 
and neonatal mortality (Burke et al. 2011; National Research Council 2013; Hull 2015). This is 
because the major determinant factors contributing to mortality may be different in urban and 
rural areas. Therefore with the adoption of a decentralisation policy in Indonesia, access to local 
maternal, foetal and child health data is vital. This information can be used to assist the local 
government and medical practitioners in designing feasible plans and applicable strategies and 
making informed decisions on budget allocations for health facilities, equipment and training 
programs to meet the local needs. 
 
Unlike most of the previous studies on foetal weight estimation and the development of foetal 
growth charts, this research has carried out comprehensive review, comparison and validation 
studies on the existing prediction models and growth charts prior to developing new ones using 
local Indonesian data. Local review and validation of existing models and charts is 
recommended before their implementation to ensure their fitness and practicality to the local 
population, as suggested by Anderson et al. (2016) and Kiserud et al. (2017).  
 
This research has developed a simpler yet more accurate and more easily applicable model 
when compared to the existing ones for predicting foetal weight and developing a foetal growth 
chart. It considered the health resources most commonly available in primary health care 
settings so that these assessment tools might be easily implemented. Salomon, Bernard and 
Ville (2007) have emphasised that a formula for estimating foetal weight should be simple and 
straightforward in order to be utilised by doctors and midwives and be easily understood by 
patients.  It has also been suggested that medical practitioners have to review and validate the 
existing foetal growth charts to best serve the local population in their care which may have 
conditions of resources, health and needs different from other populations around the world 
(Kiserud et al. 2017). This would improve the quality of communication, information and 
education as part of routine ANC service in low-resource primary health care centres. 
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6.3.2 Limitations 
This study also encountered limitations associated with the accuracy of the information 
recorded on the manual pregnancy register or with inaccurate data transferred to the electronic 
database. This limitation was minimised by monitoring and controlling the process of data 
transfer to reduce potential error.  
 
In general the retrospective approach used in this research is limited by under-reporting of 
outcomes, while a prospective approach is costly and suffers loss to follow up (Asiki et al. 
2015). It is possible that some women have used different health services than those reviewed 
in this study. Although this may result in underestimation in data records, it is unlikely to impact 
on the validity of the analyses.  
 
The proposed prediction models are linear regressions. However, non-linear models were also 
investigated. The results showed that the non-linear models did not improve the estimation 
accuracy. Therefore complex models do not guarantee significant improvement in the 
prediction accuracy. Furthermore, due to the fact that the objective of the study is to provide 
simple yet reliable foetal weight estimating models for low-resource areas, the proposed models 
are recommended. It is believed that the findings can be applied in other low-resource settings 
to improve ANC services. 
 
This research is a PhD project that has limited time. As a result, only a one-year longitudinal 
study could be carried out and only a small number of pregnant women could be included in 
the study. However, on the beneficial side the researcher has been able to closely monitor the 
participating pregnant women from the start of pregnancy to delivery to ensure the quality of 
collected data. Even so there is future research needed into how to further improve both the 
quantity and quality of ANC data.  
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6.4  Further research directions 
The statistical quality assurance systems have been implemented for only a small number of 
LBW cases. Further research can be carried out to utilise the developed foetal growth chart in 
more primary health care centres to assess its effectiveness for reducing the risk of LBW 
delivery. 
 
The developed foetal growth chart was based on the changes of EFW towards GA. GA is not 
directly influenced by EFW and its reliable determination remains challenging in the absence 
of ultrasound facilities unless the date of the LMP is certain. Therefore, further research can be 
carried out to develop a foetal growth chart for EFW based on a direct relationship between the 
change in EFW with respect to FH. 
 
Access to more reliable data is required to further improve the reliability of the developed foetal 
growth chart for EFW. Further research could be carried out in the remaining primary health 
care settings in the province and in other provinces in Indonesia or among other countries with 
limited resources which are facing the same challenges in improving the accessibility and 
reliability of health data. 
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